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FORkWORD 

This report presents the results of a 16 month program entitled 

“Occupant Survivability in Lateral Collisions” performed by Calspan Corporation 

for the National Highway Traffic Safety Administration under Contract No. 

DOT-HS-4-00922. The program focused on evaluating the extent of occupant pro- 

tection offered by a conventional, full-sive automobile when involveu in 

various types of intervehicular lateral collisions, and assessing the feasibility 

of improving such protection by the incorporatlon of structural, glazing and 

interior modifications (or combinations thereof) . A total of seven baseline 

and six modlfled vehicle crash tests were performed, as well 1s a large number 

of developmental tests of various energy-absorbing glazing and padding con- 

structions. The report 1s divided into two parts; Volume I is the main body 

of the technical presentation and Volume II contains supporting test data a&id 

related information 

The Contract Technical Manager was Mr. Richard M. Morgan of the 

National Highway Traffic Safety Administration. 

The opinions and findings expressed in this report are those of the 

author and not necessarily those of the National Highway Traffic Safct) 

Administration. 

Thts report has been rcvlewed and is approved by: 

Edwin A. Kidd , Head 
Transportation Safety Department 
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1. INTRODUCTION 

The purpose of this study was “to Investigate the feasibility of 

modifications to the vehicle interior and glazing which, when combined with 

structural modifications to upgrade compartment integrity, will allow occupants 

to survive severe accidents in (lateral collision) modes in a completely 

passive manner” (Statement of Work). 

Structural modifications for lateral collision protection were 

developed in previous National Highway Traffic Safety Administration (NHTSA) 

research programs (Refs 1, 2 and 3). The mooiflcations have clearly demon- 

strated improved structural integrity and energy management under severe fixed 

object and intervehlcular lateral colllslon modes. Associated development of 

protective design features relating to the vehicle interior and glazing has 

also been previously undertaken (Refs. 2 and 3), but at a substantially lower 

level of effort This program was therefore intended to further investigate 

interior and glazing modlficatrons for lateral protection to bring the state- 

of-the-art more in balance with the extensive structural crashworthiness research 

previously performed. 

Interior and glazing modifications generally related to (al providing 

crushable or deformable sidewall surfaces designed to limit and control 

lateral occupant loading and (b) provrding side glazing that is more effcctlvc 

in containing occupants within the confines of the vehicle and for absorbing 

energy in the event of occupant-to-glazing impact. Due to the passlvlty 

requirement, the effect of active belts in providing lateral restraint was not - 

investigated. Furthermore, determinlng the effectiveness of passlde restraint 

systems such as air bags or passive belts in providing lateral collision pro 

tection was beyond the scope of the study. 

A malor part of the program involved determining the crashworthiness 

performance of a conventIona late model, full-size automobile under inter- 

sectlon-tvpe lateral collision conditions The impact test conditions were 

1 zs-5562-V-2 



prescrrbed by WTSA “on the basis of crcldent statrstlcc. to be reprtseT cat Je 

or- types of lateral Impact conditions that are resulting 7’1 serrous lnJllrle‘l 

and fatal rtr es” ,Statement of Work). These test c lldltions sonsirtuif a rne’p?d 

of slmulatlng the general case of lateral collision wherein both Lehrcles are 

initial !y in forward motion, Including both perpendicular and oblique co11 I ( 101' 

angdlaritles. 

A paral iel effort rocused on the desrgn and developmental testing of 

glaring cf ldmlnated con>cruction wtth peTlphera1 SUppJIt StrLCtUTp tIl?t C( Ild 

p-LTl,ae ‘3 reasoll,c -le Jlternat 1vc +c the monoll:hlc tjmpercd glass presentlv 

used for side ,lazlng -r, v r+u~lly aI! motor vehicles Duveiopment of 

d~i~rmable interjor srdekcll L >.I( faces essenclaily rxpa?ded lIpon resul+: of 

previous research proq:rams (Refs 2 and 3)) In hhlch materra sc:cctlon, -om- 

pmellt de.,lgn and lrnps.. t p>Tformante wc,c redsonabl well e+tablisI,ecI 

Crdsh test 1 Ig of the vehicles CXItdining structural, gla7lng dnd in- 

terrvr modlflcatrons was performed 111 suck 9 manner that comparison ~JIL+ tl e 

baselLne test results provide an assessment cf the effectlvencss cf the I,( “1 f ,ei 

vehicle performanct under tlte generally more severe ce\cs of the hacellne - st 

conf 1 gurat ions. rvrthermorc, the test matrix was defined such ihdt the 

lndlvldu,~: and contblned effe,tq of the strilctural cind Interior m ,alflLdtlcr 

could te dscertdlned for the case of perpendicular laterdl impdct 

Tile remainder of this report IS organ] zed as foilor+s Test m +kr t 

1s desLrlbt’d ln Sectlon 2, fo!loked by +he results of basellne testing llc., 75 1 

1’1 Sect1orl 3 Vchlcle modlflcdtions (struLtura1, rn+er’or ard &lazlng) 1’~ 

described rn Section 4 Sectran 5 presents esu:ts oT the mod Fled vph~~le 

testIn& A general discusslon of res llts 15 coTltalncI ln Section 6 ( or 

c luc LO-IS and recommendat IOI~S ale given Ln Section 7 <7m]J'CtP '3qt ddt.1 1 

pr~~~di~d lh t ne &ppendlces (koluine 1 I) 



2. TEST METHODOLOGY 

Thus section describes the methodology employed for the lateral impact 

testing. Specific test conditions were prescrLbed by NHTSA. The general testing 

and data acquisrtlon methods described In the following represent the current 

state-of-the-art and are consistent wl th previoll- laterdl impact testing per- 

formed by Calspan (e.g., Refs. 2 ard 4). Additional details relating to the 

test methodology are described in Ref 5 

2.1 Test Conflgur itions 

The genera1 lateral collision configuration illustrated In Elgure 1 

(taken from Statement of Work) is intended to simulate a reallstlc Impact con- 

dition wherein both cars dre in forward motion at impact. In actual crash test- 

ing, however, the struck vehicle 1s pos;tloned at rest prior to impact. The 

desired relative impact condltl?n 1s achlcved by providing an equivalent xeloclty 

vector and dttltude for the strlklng vehicle. 

The following specific impact parameters were prescribed in the 

Statement of Work and refer to the condition to be simulated represented by 

Figure 1 (a). 

Configurate on \o. --- 
V1 (YPH) 
__-- -- 

1 0 

2 30 

3 0 

4 30 

5 0 

V2 (MPH) 
--- 

30 

30 

30 

30 

40 

$ (de9 I 
- 

0 

0 

30 

30 

0 

ZS-5562-V-2 



VEHICLE 1 

(a) COLLISION TO BE SIMULATED 

f2 \ 
L \ \ / VEHICLE 2 AT IMPACT 

\- 
w c ‘\ 

P ?\ \ \ \\ 
TOW TRACK’ \ \\ ‘.,‘,\ 

tbi CORRESPONDING TEST CONFIGURA TION 

Figure ’ EXPLANATION OF TECHNIQUE TO SIMULATE COLLISION 

1 -5-5562- -i 



Translating these condrtrons to the corresponding test configuration represented 

by Figure l(b) results rn (based on trigonometric relationships): 

Configuration 
No. -Vl (MPH) ’ V2 (MPH) VR (MPH) 

-- 
a (deg.) 0 (deg.) 

--___ 

1 0 30 30 0 90 

2 30 30 42.4 45 45 

3 0 30 30 0 60 

4 30 30 52 30 30 

5 0 40 40 0 90 

where LR 1s tht resultant veloclt, (tow speed) of the stroking vehicle, CI 1s 

the angle between the strrkrng vehrcle longltudlnal axis and the tow track crnter- 

line, and @ 1s the angle betkeen the struck vehicle longitudinal axis and the 

tow track centerline. Note that for conflguratrons No. 2 and 4 (where a # 0) , 

the strrkrng vehicle must be placed on auxlllary wheels to achreve the 

necessary impact attitude 

Figure 2 illustrates the lehrcle configuration for each test condltlon. 

Struck vehrcles were, with one exceptron, impacted on the passenger (right) 

side. The vehicles were positioned such that the right side edge of the striking 

vehrcle moved along d line passing through the Door Opening Reference (DOR) 

Point of the struck vehrcle (defined by SAE Recommended Practice J972a) Impdct 

locations for the specific vehrcle emploved and test condrtion angularltles are 

shown in Figure 3. 

2.2 Test Vehrcles 

. 

The test vehicles were 1973 Ford 4-door, plllaredhardtop automobrles --- 
havrng a nomrnal curb weight of 4% lbs. Fuel tanks were removed as ii pre- -- --_ 
cautionary measure. For the automobiles used as striking vehrclc\, the bumper 

relnforcrng bar was replaced by the corresponding 1974 Ford assemble 111 order 
----A---- - 

zs-5562-V-2 



(al CONFI[J NO. 1 & NC). 5 

(cl- CONFIG Pi0 3 

(b) CONilG NO. 2 

(d) CONFIG NO 4 

Figure 2 VEHICLE CONFIGURATIONS FOR LATERAL IMPACT TESTS 

6 ‘S-i562-V-2 



PARALLEL TO LONGITUDINAL AXIS 

v-F-- - . 

\\ 
I 

I 

HINGE PILLAR 

DOR 

DOOR PA;L+ 1 

+j 

~-J---J ‘, 
t--J T-Y 11 

CONFIGURATIONS 1.2, & 5 CONFIGURATIONS 3 & 4 J 9778 (45’ ) 

SECTION THROUGH A - PILLAR 4” ABOVE DOOR SILL 

. 

Ftgure 3 DEFINITION OF DOR POINT AND LINES ALONG THE RIGHT StDE OF THE 
STRIKING VEHICLE 

7 ZS-5562-V-2 



to slrn~ilat~. tne hLghel strc:rlgth of the 1971 bllrnpel oysters* (ali other front 

structure 15 virtually identical for the 1973 and 1974 n~del years) Strilck 

L cl\ L !C 5 \ter~ ei thel con\ entlonai or rntidlf-ed 13’7 Fords, as required for ti,c 

bdsellne (see SectLon 3) and mo,llfled 1r‘hlLle (set kctlon 5, test p;ogrqn. 

III older to perform the tests requlrlng an oblique striking vthlclc 

lrllpd~t Orlc~Jltt,lt13Jl, auxiliary wheel assemblies here used to support the vehlrld 

it the desire? 1 aw angle To compensate for the dddltlmal weight of these 

-.t t-A’ tale> (dl~p10~ if’iatcly 350 lbs. j the rear axle, rear suspensions 2qd Jr:\” 

h ift Wcrc‘ removed All four conventional wheels here removed so th,t the no IW 

rli t height (gr~ltd L,earance) could be malntalned Ihe auxiliary Attee 3s5Lm 

~‘1 I 5 ~\t’yt ‘itt<ic+ed to the behlcle 1n such a manner that no artlflcla! stl tft ll:rig 

JP +ht: fOl\udrd ‘tluCtult resulted 

In all (rash tests, \ehlsles were propelled along a gulderall ‘clv d 

cdblc towIng s\stf‘rn emaloying a ground-based powerpldnt and automdtlc speed 

cvllt rol \ trail lng Cdble arresting system provided an abort capability 111 t+e 

r~ei~t of dn ,jna:septable vchlc!e spted or other sjsten anomalies <Just bofol e 

the tune bc impclcl , the vehicle In mot,on ha5 released from the tmlrlg arid 

glllila]lLe sjsterr 50 tnat no external lorids, other thdn at the tire/grLIlnil ,r? 1 - 

tact, wer 1 lnt lodll,ed In addltlon, the strlhlng I zhlcle ax-lest ‘,I& yqtern 

hi> ‘4 nt: idtt’rt drpi oxlmatel) 100 msec ufter the prlmar\ colllslon to plcve?r 

r)055ibit XL 1 t IPIL Impacts 

;I 3 Inthropomorphlc Dummies __--- - - 

Ihe tcl loking 50th perLentlle male anthropomorphic dummie\ we~c LJ~ lctd 

111 tht rebpertl\c test vehicles in conventlonal seating posltlork 

_ --- ~__-_--~ * 
T+t 1973 bumper rclnforcement 1s baslcally channel-shaped whereas th, 
c~)~lt’~po~l~~lg 10’4 absemhlb has 3 closed cross-sectlqn with addltitrn 1 enrj 
<upport s 
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Vehicle ___- 
Striking 

Dummv Type A Locat ion Restrarnt -__- 
Sierra Model 292-850 Lt front tr Rt. front Conv. lap $ 

shoulder belts 

Struck Humanoid Part 572 Front and rear on 
impacted side 

None 

Dummies contained In the struck vehicles (on the impacted side) were 

oriented in a consistent manner with respect to the following lateral dimensions 

corresponding to conventional and modified interior vehicles, respectively. 

Dummy -- 
Front 

Front 

Front 

Front 

Rear 

Rear 

Rear 

COM’FNTIONAL W’FRIOK* -- - 
Measurement - 

Head to dcor glass 

Upper arm to door panel 

Hip to door panel 

Hip to arm rest 

Head to C-pillal panel 

Upper arm to sidewall 

Hip to door panel 

MODIFIED INTERIOR* 

Dummy I 
Front 

Front 

Front 

Front 

Rear 

Rear 

Rear 

Med\urement -- 
Head to door glass 

Upper arm to door padding 

Hip to door padding 

Hip to padded arm rest 

Head to C-pillar paddlng 

Upper arm to sidewall padding 

Hip to door padding 

Dimension (in. ) 

10.5 

6. 0 

a.5 

5.0 

10.0 

6.5 

a.5 

Approx. 
Dimension (in. ) ---___ 

10.5 

2.0 

4.i 

3.0 

a.0 

2.5 

4.5 

. * 
Dummies were positioned in the same manner with respect to the seat geometrv 
for all conventional and modified vehicles; differences in lateral dimensions 
result from the addition of padding materrals to the Interior sidewall Head 
to celling distances were approximately 4” and 3” for the front and redr seat 
dummies, respectively. Forehead to windshield distance was approximatelv 
18” for all front seat dummies. 

9 ZS-5562-b-2 



The front-seated dummy (struck car), due to high spinal stiffness, appealed to 

be unre~listlcally oriented with respect to head fore-aft location (excessjvely 

rearward) with the seat in mid-positInn, the front eat was therefore adJu te_l 

to the full forward position in all cases. 

2 4 Instrumentat ion - 

Test vehicles and dummies were instrumented hlth accelerometers 2s 

lndic ited below 

Striking __-- \‘ehlcle -- 

Compartment floorpan left front corner (triaxial) 

Compar tmen’ floorpan right rear corner (tr:axlal) 

Bumper on $ behind reinforcement bar (x-axrs) 

Firewall neLir 5 (x-axis) 

Strut h Vehicle 

Compartment floorpan on driveline tunnel behind front 
seat Itriaxial) 

Cornpar tment floorpan left front corner (triaxial) 

Compartment floorpdn left fedr corner (triaxial) 

Left front door on $, 6” below windowsill (y-axis) 

Right front door on $ (y-axis)* 

Firehall near G, (triaxlal) 

Front dummy head ttrlaxial) 

Front dummy chest (triaxial) 

Front dumm\, pelvis (y-axis) 

Rear dummy head (triaxidl) 

Tear dummy chest (trlaxial) 

Rear Gummy pelvis (y-axis) 

“At one or more locations on door, as required for d parrlcular test 

10 ZS-5562-V -2 



Examples of accelerometer locatIon ,+re shown in Figure 4 

A tlamllton Rolamlte crash sensor was mounted on the firewall of each 

struck irehlcle to provide an lndlcatlon of the sensitivity of the sensor to 

lateral Impact accelerations. This sensor was previously evaluated in a 

Calspan I escarch program under NHISA SponsorshIp (Ref. 6). 

411 poker supple and s1sna1 conditlonlng equlpmcnt was contained In 

the tlunl,s of the test ~ehlclc~ 

2.5 Data Processing and Reduction __- __- -__ 

411 acccleratlon data kele procc\\ed and filtered In accordance with 

SAE Recommended Practice J2lla a? Indicated below 

Data TL~C _____ 

SAE J211a 
Channel Class 

The Calspan dat? proccyslng and leductlon system 1s described In 

Ref. 7 Baslcall) , the datJ ~CI e recorded OJI i F\l tape, processed through an 

analogue-to-digital convelslon $1 stem, <*nd reduced (filtered, Integrated, 

plotted, etc ) in a dlgltal format 

Complete data ITI final form for a11 crash tests performed within this 

program are contalned in Appendices A and B 

* 
Not speciflcalll defined by SAF J211a 

11 ZS-5562-V-2 





3. BASELINE TESTING -- 

Table 1 lists the baseline tests that were perfcrmed. Tests No. 1 

through 5 directly correspond to the prescribed test configurations defined in 

Section 2.1 Test No. 6 was a repeat of configuration No 3 except that a 

moving barrier” was substituted for the striking automobile Test No. 7 was 

a repeat of configuration No. 4 except that the impact location on the struck 

vehicle was moved forward approximately 10 inches from the previous DOR 

location to determine the effect of engaging more of the stiffer structure in 

the region of the A-pillar. 

As discussed in Section 2.2, the striking vehicles were 1973 Ford 

(l-door automobiles with the bumper reinforcement structure replaced by the 

strengthened 1974 Ford bumper assembly. Test weight of the strlkrng vehicles, 

except for the moving barrier, was approximately 4500 lbs. In all cases (balldst 

added in trunk when necessary to achieve this weight). The moving barrier 

weighed approximately 4000 lbs., consistent with the requirements of FMVSS 

No. 208 (S8.2.1). The conventional 1973 Ford 4-door automobiles employed ns 

struck vehicles weighed between 4650 and 4840 lbs. as tested (no ballasting), 

somewhat heavier than the striking vehicles due to additional instrumentation 

and on-board photographic equipment. 

Appendix A contains complete test descriptions and data for each of 

the baseline crash tests, including the following information: 

0 description of test conditions 

0 post-test observations 

The moving barrier was equipped with a contoured impact surface in con 
formance with SAE J972a Recommended Practice (see Ref. 8 for design dctarlsl 
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Table 1 

BASELINE TESTS 

5 

6 

7 

CONFIGURATION NO.* 

1 

2 

3 

4 

5 

3** 
4*** 

l- IMPACT SPEED (MPH1 I VEHICLE TEST WEIGHT (LEE) 

T--- TARGET 

30.0 

424 

30.0 

52.0 

40.0 
30.0 

52.0 

ACTUAL STRIKING 

294 4500 

44.5 4500 

29.7 4500 

51.7 4500 

STRliCK -- 

46553 

4723 

4823 

4793 

4790 

482'1 

4840 

“DEFINED IN SECTION 2.1 
**MOVING BARRIER USED AS STRIKING VEHICLE 

***IMPACT POINT ON STRUCK VEHICLE MOVED FORWARD 10” 
FROM THE IMPACT POINT FOR TEST NO 4 

ZS-5562-i ,' 

1 



0 vehicle and dummy photographs 

l vehicle exterior deformation profiles 

l passenger compartment static intrusion measurements 

l vehicle acceleration responses and integrated velocity 

and displacement time historIes 

l Part 572 dummy (In struck vehicle) acceleration 

responses, integrated velocity and displacement time 

histories, head and chest severity Indices and HTZ* 

numbers 

Table 2 summarizes test results whrch characterize the structural and 

glazing performance of the baseline vehicles. These results, however, reflect 

an extremely llmited sampling of the available test lnformatron and the reader 

should consult Appendix A for a more complete understanding of the structural 

and glazing performance. 

A summary of anthropomorphic dummy data is presented in Table 3 

Information 1s given pertaining to dummy containment within the passenger 
** 

compartment, region of head contact as determined by the physical evidence, 

relative velocity of head contact (when contact occurred and where the velocity 

could be calculated with reasonable accuracy from film analysis), and the peak 

acceleration responses and associated Injury indicators. The specified Inlurk 

* 
Head Injury Criteria as defined In FMVSS No. 208. 

** 
Successful dummy containment indicates that “all portions of the test device 
[were) contalned within the outer surfaces of the vehicle passenger compart- 
ment throughout the test” (FM!‘.% No. 208). 
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Table 3 

SUMMARY OF ANTHROPOMORPHIC DUMMY DATA FOR BASELINE 
LATERAL COLLISION TESTS 
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criteria were prescrrbed in the Statement of Work by NHTSA based on blo- 

mechanrcal rnformatloll and, for tne purposes of thus program, were interpreted 

as being approxrmate threshold calues above which very serious or fatal injury 

would be expected. The dummy responses that exceeded a particular lnlury 

crlterlon are denoted rn Table 3 (note boxed-in values). 

The Hamilton Rolamrte (Serial No. 2164) crash sensor mounted on the 

flrewall of the struck vehicle (oriented longltudlnally) triggered In only one 

Instance This occurred in Test No. ‘, where an activation signal kas lndlcdted 

42 5 msec after lnrtlal vehicle contact (time zero). Triaxlal acceleration 

data were obtarned from transducers mounted to the same frxtllre as the crasil 

sensor [data contained in Appendix A). The acceleration pulse to r*hrch the 

crash sensor was subjected can therefore be correlated with the sensor resk.Jnst 

18 ZS-5562-V-2 



4. VEHICLE MODIFICATION 

This section describes the structural, gla7ing and interior mod- 

ifications relating to lateral impact protection that were employed in the 

modified test vehicles. The structural modifications were developed previously. 

This research program was principally directed towards the developmental testing 

of advanced glazing and interior padding modifications. 

4.1 Structure 

Structural modifications employed in the struck vehicles were developed 

in previous NHTSA research programs by Cal span (Refs. 2 and 3). In general, the 

modjfication effort was restricted to structural components developed prrmarily 
* 

for side impact protection. These components are illustrated in Figure 5 

(labeled items only). A5 noted, the modifications are related both to the 

perimeter frame structure (3rd crossmember and longitudinal struts) and the 

body structure (side pillars, door beams and roll bar). 

Further descriptions of each structural modification are given 

below* 

a 3rd frame crossmember 

This structure was designed to provide additional lateral 

support to the frame siderails near mid-span (B-pillar location) and to dlsslpate 

energy through bending when the siderails deflect laterally. The longitudinal 

struts serve as additional stiffening elements (also related to front still tule 

performance). 

These structural modifications are also functional to some extent in other 
accident modes, e.g , frontal and rollover co1 lesions. 

19 X-5562-V-2 



5 ._ ROLL BAR A-PiLLAR 

w/?Y ; CPILLAR 

bOOi3 BEAMS 

(a) BODY MODI f ICATIONS 

3RD CROSS MEMtiER 

LONGITUDINAL STRU- 

1‘ * \ \_ -, ‘. --‘, , 
. /’ 

(Id FRAWC MODIFICATIONS 

Flgule 5 STRlKTURAL MODIFICATIONS 

23 

.LAR 
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This modification Involved strengthening of the A-pillar 

structures to provide increased support for the front door hinge attachment 

hardware. Increased metal thickness of the Interior and exterior pillar 

surfaces was needed, but no slgniflcant geometric changes were required due to 

the Inherent strength of the sonventlonal box-like configuration. A thin-wAlleJ 

tubular member was added zo the upper flrewall between the A-pillars to slmuldte 

addltional lateral strength resulting from a reinforced firewall structure. 

Modifrcatlon of the B-pillar required increasing the bendlnp 

strength, providing attachment points for the front door latch and rear door 

hinge hardware, and Insuring effective load transfer to the roof, floorpan and 

frame. With respect to the frame load path, the lower B-pillar was designed to 

overlap the frame side rail, thus bearing directly against the side rail when 

laterally loaded. 

l C-pi1 lar 

This modification involved strengthening of the convent1on,tl 

C-pillar structure to provide the required support for the rear door latch 

attachment hardware. Increased metal thicknesses in certain areas and more 

extensive continuous seam welding of the conventional sheet metal component\ 

were required. 

Roll bar 

A thin-walled tubular structure was installed betkce I : hc 

upper B-pillars to increase the lateral strength of the roof. This modJflc 1 JOP 

obviously relates also to rollover protectlon. 
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Door beam panels 

High $trength-to-tielght panel s,ructLrcs (+hree LLI’ 

corrugated shape) were incorporated 1’110 the doors in the avallabir s*)dce 

between the glass stohage mechanism a~1 the 3uter door skin. Thecc irruczkrcs 

were deslgneu to cover n?arl f,b.c 2ntlle lower- dosr al-eas The j)dLPlS htre 

attached dlrectlv to the door retmntlon hdrdwdre (5tIengthened hl?,t- and 

modlfLed la*-hes) to prov:de effective load transfer to tnc respective sl3e 

pillars. FI gure 6 ;hows hok the panels were desl(:ned to engage tne bumper and 

front sheet metal of J btrlhlng 1 enlclt. 

The net weight Increase resu!tlng from these \trlc turd! mod1fl,dt1on\ 

to a 1PYJ7 Ford a,;tomnhlle I$ aj)prr,xlmatel\ 200 lhs it should CC riotl:J thsr: 

this kelght penllcy LJuld bc reduced slgnlflsantl\, If the deslqn changes scare 

more effzctli t 1 lntnglated eulth the production ~~~‘h~cle structur, Instead or’ 

largel) replesentlng add-on mod1 flc at ions, The redder should consult ‘itf 3 

-eal, - * for a more detailed descrlptlon oi the structural modlficdt 

down 

4 3 Glnz1ng ----- 

‘ihls effort 1I>volved the design dnd testing c.f lamlnatcd s~dt I;lctzlqg 

and peripheral support structure to be lr,~talled 17 the m4lflcd tsc,t jteh,l iekj 

Since the 1973 I ;trd l,a>e Lchtcles habe no qper dour frames (lln-upparttcl glas>i , 

the design of support structure ha\ necescayy The laminated gldS5 <)a5 5elr1 ttil 

0n the bosls of pro\ idlng a replecentat’le vdrlety If construct Ions 111 P” )- 

t\pes, withAn ti-e llmlts of a allabr;lt), t'rnc and funding conStrdln’< it hi. 

dis0 rtqull ed to design the gla-lng a 13 Tupport structure such that the I 01 

down operatTon cf tht \lde wlil~ OLV ci>uld irt pIeeser\ed. 

4 2 1 Design and lieddform Iri~~ct resting _-_-__-- _____ ___ ---- 

Peripheral il,pport structlAre fcr >lde glaLlng kay deslgned ‘no tc f 1 

1 1gure 7 shahs the flame structure ant1 +ne test 1 ,xt~,re u\ed for 1 eaclfor 
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PERIPHERY OF GLASS 
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Frgure 7 DESIGN OF GLASS FRAME STRWTIJRE AND IMPACT TEST FIXTURE 
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impact tests (vertical drops). The outer frame lined with l/S” rubber 

represented the upper door frame structure. The glass laminate was directly 

supported by the 050” steel channel bonded to the glass with polysulflde 
* 

adhesive. Since no clamping pressure was applied to the peripheral channel, 

this conflguratlon simulated a movable side window conflguratlon The perlph- 

era1 channel was designed to support a 030” polyvrnyl butyral (PVB) Inter- 

layer stretched as a membrane to a tensile stress of 3000 psr (nominal ultimate 

tensile strength of PVB) 

Three impact tests were performed using an adult (15.5 lb.) headform. 

Laminated annealed glass was used brth a .030” PVB interlayer and each glass 

plv thlchness approximately . 110” (HPR wlndshleld type) Test conditions were 

as follows 

Test No 

1 

2 

3 

Conflgurat Ion 

4 srded frame 

3 sided frame 

3 sided frame at 
partial roll-down 

Impact Velocity (MPH) 

20.0 

20 0 

20.0 

Figure 8 shows the test of the four-sided frame structure, for which 

full retentron of the glass was maintained Figure 9 shows the test of the 

three-sided frame structure, which simulated a free edge corresponding to the 

bottom of the glass as Installed in a door (normally bolted to roll-down 

mechanrsm) Full retention of the glass was also maintained with this support 

configuration. Figure 10 shows the test of the three-sided channel structure 

* 
Supplied by ‘I’h~okol Corporation, Chemical D1visron, Trenton, N.J. 
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in a simulated partial roll-down configuration, in which the headform impacted 

approximately 3” from the channel-supported edge. Again, full retention of 

the glass was maintained, although the supported edge deflected approximately 

3.4”. 

The acceleration responses and associated velocity, displacement and 

severity index time histories are contained In Appendix C. Table 4 summarizes 

the pertinent test results. 

Dynamic deflection of the PVB interlayer (head plow-in) was close to 

5” in each case. No tearing of the interlayer or separation from the perlpherdl 

support frames occurred Short duration headform responses during glass break- 

age all appear to be in the neighborhood of 75 g’s, indicating a nominal dynamrc 

breakage load of 1200 lbs. (headform height = 15.5 lbs.). In each case, the HIC 

number was well below the assumed human tolerance limit of 1000. 

The important conclusion was that the channel-shaped frame bonded to 

the glass periphery was adequate to constrain the laminate within the simulated 

upper door frame structure during a 20 MPH head impact. Furthermore, the framed 

glass edge, when exposed to head contact when the windok is partrally rolled 
* 

down, does not appear to pose an additIona hazard. 

** 
Laminated glazing materials of the following constructions were 

subjected to additional impact testing at various velocities with both adult 

(7.5” dia., 15.5 lbs.) and child (6.5” dia., 7.5 lbs.) headforms. 

* 
The laceratlve potential and the effect of striking the frame at angles 
other than the perpendicular were not investigated. 

** 
All glazing specimens were furnished by PPG Industries, Pittsburgh, 
Pennsylvania, at no cost to the program. 
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Type 
A-A (.OlS) 

Inside Layer Interlayer Outside Layer 

. 105” annealed glass .015” PVB 105” annealed glass 

A-A l.030) .115” annealed glass .030” PVB .115” annealed glass 

l-‘-T (.030) 5/32” (. 156) tempered glass ,030” PVB 5/32” tempered glass 

PPG bila) el* .030” plastic --- S/32” tempered glass 

The specific test condltlons and a summary of results are given in Table 3. All 

of these laminate4 had dlmenslons of 19-l/4” x 24-l/4” and were supported by 

three-sided frame structures as In Test No. 2 described above. 

Acceleration response data and corresponding velocity and displace- 

ment time histories tire contained in Appendix C. Cumulative Severity Index 

curves are also shown. It should be noted that no tearing of the interlayer 

occurred in any of the cases except for Test No. 13 (laminated annealed glass 

with .015” interlayer), in which complete head penetration occurred (circular 

shaped tear with approximately 28” circumference). 

Two layers of moist chamois were applied to the adult headform for 

the 15 MPH Impact tests to get an Indication of the laceratlon potential of 
** 

each t)pe of laminate. Resulting Laceration IndIces are given below: 

Test No. 

5 

17 

10 

16 

Material Type Laceration Index 

A-A (.015) 1 

A-A (.03C) 2 
*** 

T-T 0 

PPG bllayer 0 

* 
This is an exposed plastic design, 
under development by PPG Industriec 

the plastic layer is a proprietary material 

** 
The procedure used is described in E. R. Plumat, et al., “Nonlacerating Glass 
Windshields--A New Improved Approach,” 
November 1971. 

15th Stapp Car Crash Conference, 

No glass fracture occurred under this test condition. 
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Figure 11 shows the computed HIC numbers plotted as a function of 

impact velocrty for each glazing type except for the thinner rnterlaler, two- 

ply annealed construction, whrch lacks sufficient penetration resistance. Thest 

results show that (a) the laminated tempered glass configuration possessed 

excessrve breakage strength, (b) the tbo-pl) annealed and bilayer constructions 

produced HIC numbers well within the aqsumed human tolerance limit for the adult 

headform impacts, and (c) the assumed humd 1 tolerance limit kds (Jrceedcd for the 

child headform impacts of the two-ply annealed and bilayer constructions for 

Impact velocities In excess of approximately 15 MPH. Howe\ er , it i\ not known 

to what extent the assumed tolerance limit is meaningful in the cast of a child 

In summary, resultc of the im[‘act tests Indicated that Types 4-4 ( 1115’ 

and T-T (.030) could be ruled out f-or modified vehicle side glazing apulrcatlon 

for the following reasons 

Type X-A (.OlS) - The thrn PVB Interlayer (.OlS”) lacks 

sufficient penetration resrstance (child 

headform completely penetrated the material 

at 20 MPH). 

Type T-T ( 030) - The the-ply S/32” tempered laminate* has 

excessive breakage strength (HIC numbers 

for the adult headform ranged from 850 for 

a 10 MPH Impact to 2660 for a 20 MPH impact, 

neither of which caused complete glass fracture) 

Tvpe A-A (.030) <and the PPG bilayer appeared to be suitable for modifle+ \rt-hlclt 

application, at least on the bdsls of Impact performance. 

. 
--___ * 

Technical representatrves of Ford Motor Co. and PPG Industries have IndlcAted 
that the S/32” tempered glass thickness (each ply) is the minimum that could 
presently be considered for high volume productlon because of warplge pr,)blems 
with thinner plys during thermal tempering. 
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4 2.2 Modified Vehicle Glazing Installation - 

Based on the headform Impact test results presented in Section 4.2.1, 

laminated side glazing for the modified vehicles was llmlted to the following 

two types of construction: 

Type 

A-A 1.030) 

Inside Layer Interlayer Outside Layer - - 
. 100” annealed glass .030” PVB . 100” annealed glass 

PPG bila)er .030” plastic --- 7/32” (.219) tempered glass 

Note that the thlchnesses of the glass plies vary somewhat from the corres- 

pondrng laminated specimens subjected to headform testing. The reason for thus 

1s that the modified vehicle glazing needed to be fabricated kith the same 

curvature as the conventional 19’3 Ford front door sldelite, avallabillty of 

glass which could be readily formed (or was already available) dictated use 
x 

of the Indicated glass ply thrcknesses. 

The use of glazing that duplicated the conventional curvature was 

necessary in order to demonstrate rolldown operation of the framed, lamrnated 

side windows. Of course, the metal framing (both the upper door frames and 

peripheral channels bonded to the glass edge) needed to be fabricated with 
** 

the correspondrng shape and curvature ot the conventional glass edge. 

Figure 12 Illustrates the design of the upper door frame and peripheral support 

structure. Installation of the operational laminated glazing was limited to 

--__ - * 
The curved laminates were supplied bv PPG Industries at no cost to t1rc 
program. 

** 
The fabricated metal frames were procured from Creative Industries ot 
Detroit. 
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the front door windows, rear door windows either retained the conventional 
* 

monollthlc tempered glass or were replaced by flat, fixed laminated glass. 

The two types of laminates employed are discussed in the following. 

0 Two-ply annealed glass wrth 030” PVB inter- 

layer 

This construction is essentially the same as 

presently used rn all domestic automobile windshields. 

The PVB interlayer was increased in thickness from .OlS” 

tc 030” and a controlled adhesion bonding process was 

introduced in the 1966-model domestic automobiles to pro- 

vlde increased penetration resistance (High Penetration 

Resistance construction). This construction (Type AS 1) 

meets all requirements of FMVSS No. 205 for use anywhere 

In motor vehicles. (Monolithic tempered glass, Type AS 2, 

can be used anywhere except In windshrelds.) 

Prior to the late 1950’s laminated annealed glass 

wds also employed In side windows. The shaft to mono- 

llthlc tempered glass was believed to be made for one or 

more of the following reasons (a) substantially lower pro- 

duction cost, (b) annealed glass frequently required replace- 

ment because of its fragileness, and (c) evrdence of ex- 

cesslxe laceration InJurIes caused by the fracture propertjes 

of the annealed glass during lateral impacts. Monollthlc 

This depended on the test condition. For the oblique lateral impacts where 
rear dummy glass contact was possible (although not likely), the flat laminated 
glass was Installed in the rear door windows. 
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tempered glass appdrentll has been successful 1;1 reducing 

the rei lactment rate ,uld laceratlon prope-Isit/, h jwever, 

no containrent of o~~up~,ts 1s T,ovlded b\ this tvpe 16 

$1 15s subsequent to fractur (c%aracterl ztd by fragmentat Ion 

into small granules). 

This zonstructlon LS one of se\ercll ~‘xposed piaqt3c 

concept -. L lrrently belrg lnlestlgated bv r;laz-n[r m?nu 

fat I Lirpr\ and others Advaqtagec 0~ zr two-,,' ., 14 ,ii 

1 dminat es appear : L be (ai) rtdu,ed height slnce orl, ofie 

g’7s-s pl\ 1 nece5sark, and (b) redl,ctlon or ellmlnatlon 

of laier,itl )n potential due to the protective plastic. !3,Lr 

on tlie InsIde LLrface ‘The princlpdl dlcad:&rtlpe IS +?dt 

plastic mater:als have ab,raslon resistance Inferior to glash. 

Yclstule abgorptlon b) the plastic and reslstan e fo certain 

chemicals are also potent1 11 problems with c&posed pla<tlc 

Fla7lng 

* 
lhe FPC; bl Idbtr ; ,nstrilctlon, ln lrs present 5thtt: 

oC deiclopment, wlli nst meet the FVL’SS +n 20; regrllat iun , 

for use in motor vehlc les it locations Iequlslte for drl\IIIg 

vLslblllty, 1 e , genep<ii Iv ci!l glass areas In 3utorIot11e\ 

(there ire some exception\) Sr)eclflc;ill~ , the plds+l 

iidtellal ~111 not pdss the ah*1k1@11 resirt”nie test (le5t 
** 

ho 1’3) defined hy the Ah5 '26 ‘-1969 s]~?clflcdt~on? k,,~ch 

Thus bl label con5tructlon 15 zilrrznt ‘1 rl l$c? cleic lopvent bv Ff‘G I~iJust I lr , 
IIlL. ) tor pass-ble aIrcraft, automob, le, ct othcl commercral nppllcat lons 

** 
Yqerlcan t\Jatlorlal Standard “Safetv Code fox safety (Yla:lng Material\ for 
Glazlni; Motor Vehicles OpcTatlnq vn Iaqd f17ghha)s” 
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constitute Section 5 1.1 of FMVSS No. 205. Indeed, to our 

knowledge, no existing plastic will pass this abrasion test 

(1000 cycle Taber Abraser: The question is whether or 

not this test condition, developed specifically for glass, 

can be relaxed for the Inside glazing surface without 

compromising the requirement of a durable, optically accept- 

able light transmitting surface over a reasonable auto- 

mobile service life. It should be noted, however, that the 

plastic material kill pass the ANS 226 abrasion test for 

plastics (Test No 17), but rigid and flexible plastics are 

presently allowed only in specific locations not requisite 

for driving visibility (with some exceptions). 

As an Important related consideration, there is 

evidence that the particular plastic material (PPG proprietary) 

possesses superior penetration resistance at high and low 

temperature extremes as compared with polyvinyl butyral 

(PVB), at room temperature the mechanical properties are 

believed to be similar. 

Further study into the feasibility of exposed plastic 

glazing materials was beyond the scope of this program. In 

summary, it appears that an extensive review of FMVSS No. 205 

requirements would need to be undertaken in order to 

establish whether or not glazing materials of this type 

kould be acceptable as dn alternative to traditional 

automotive glazing constructions 

Installation of the two types of laminates required different 

methods to mount the glazing to the rolldown mechanism within the door cavitv 

The conventional thermal tempered glass is bolted to the linkage mechanism 

through holes drilled along the bottom edge of the glass. The bllayer 
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constructron kas similarly mounted since It 1s partrally composed of tempered 

(strengthened) glass. The two-ply annealed laminate, s_nce 17 does not posse>s 

adequate tensile strength, cannot be bolted in p’ace because drilled holes 

cause stress concentrations which rnltlate crack propagation Thus, for thli 

case, the laminate was fabricdted with a straight bottom edge bhlch was bonded 

to d sheet metal channel The metal structure has extended beiow the glass 

surfdce and contained the normal boit pattern Figure 13 l!lustldtes the shape 

Jlfference for the two types of lamLnates (perrpheral frame structure not shobn) 

Fl gure 14 shows a completed lnstallatlon of supported, lamrnated gloss 

111 a modlfred 1973 Ford and demonstrates that the rolldown capability has pre 

served 2 total of flvt modlfled lehlcles (desrgnated ~1 through F) here con- 

structed and crash tested. Ejch venlcle contained a front door glaztng 

lnstallat 1~~1 slmllar tc that shown In Frgurc 14 The followrng table lndlcatcs 

the speclflc type of side glazing employed in each modlfled test vehicle 

Flcdlfled 
\‘chlcle 

Des ignat ion 

4 

B 

C 

D 
1* 

E 

Glazing Installation --- 
Front Door Rear Door 

A-A (-030) 4-A ( OW)* 

A-A ( . G30) Conventional 

A-A ( 030) Con\entlonal 

PPG bllayer Con\ cnt Ional 

A-A ( 030) Convcntronal 

___----______-- * 
Fixed, flat glass laminate 

No structural nOJlflCdtlOnS except f?r upper door frame 
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Vehicle A contarncd the glazing (and structural) modlficatlons on both sides 

srnce it was subJected to two lateral impact tests Glazing modrflcatlons 

were restricted to one srde of the remaining vehicles since these were laterally 

impacted on one side only 

4.3 -_____ Int error 

Modlflcatlons to the In terror of the passenger compartment included 

crushable door panels and protective padding materials added to the srdewall 

areas sublect to occupant contact under the specific lateral impact test con- 

drtlons. This effort, for the most part, was based on an Interror design 

prevlousl) developed by Calspan under Contract No. DOT-HS-053-2-487 (Ref. 3). 

3.3.1 Padding Material Tests - 

As noted above, the interior design followed mainly from previous 

developmental efforts However, information was needed which more fully 

chdracterlzes the performance of the various padding materials and constructrons 

utlllzed rn the interior modifrcatron. References 2 and 3 contain addrtronal 

rnformatron that should be consulted for a complete understanding of the 

ratronale behind the materral selectron and padding design. Refer to Section 

4 3.2 for detnlled descrlptlons ot the actual materrals dnd construLtlons used 

in the modified test vehicles. 

Table 6 lists the static tests that were performed. The lateral 

body form has designed to srmulate the nominal shape of a 50th perccntrle male 

torso laterally orlented wrth respect to the contacted surface The body form 

was constructed from hardhood and was shaped as a half cylinder k,lth I dlamcter 

of 8 inches and a length of 31 inches. A coverlng of l/Z” Ensollte wah Jdded 

to the surface to provrde some resllrency. For some of the tests, 21: CirJ1l 

removed from a Part 572 dummy wds attached to the lateral body form to \lmlllate 

the case where an occupant’s arm 1s located between the occupant and the 

contacted sidewall surface Dependlng on the positioning of an occupant , it 15 
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possible that the arm of an occupant could be alongslde the body, totally out 

of the contact zone, or somewhere In between. The test condltlons represent 

the extreme cases, 1.e , either totally constralned between the body and the 

contact surface or totall) uninvolved. 

The materials tested statlcall) are briefly described in Table 6. 

Both flat and contoured surface panels here tested. Figure 15 illustrates the 

tests of flat paper honeycomb (4” thlchness) panels covered by l/2” of Cnsollte. 

The static tests of the contoured dool panels fabricated from 3/8” cell and 

3/j” cell paper hone\comb nnd Ensolltc material (see Figure 25) are shown In 

Figures 16 and 17 for the cases of the lateral body form with and without the 

dummy arm, respect 11 el\ I lgure IS shoks the test of the 7.5 lb/ft.3 expanded 

urethane material 

Static te\t data are cont?lned In Table 6 and Figure 19 for the 

var~oub paper hone\comb doot pane 1 conflgurat ions A large varlatlon In crush 

strength 15 apparent hct\+ecn the paper hone\comb blth different cell size 

For the contoured panels, \lgnlflcant loads ale not achieved until about 2 

inches of crush due to the nlmrest proJect ion, however, the increased overall 

depth of this conflguratlon provides d greater total crush stroke The con- 

toured configuration contalnlng the two tapes (different cell sizes) of honey- 

comb appears to have an okera crush strength more closely related to the 

3/J” cell flat surface honeycomb conflguratlon. The static test load-dlsplace- 

ment curve for the expanded urethane material 1s Included with the corresponding 

dvnamlc data (see rlgure 23b). 

Descrlptlons of the dynamic tests performed dt nominal Impact 

\elocltles of 10 and 20 MPH are contained In Table 7 The material com- 

posltlons, dlmenslons and body forms were identical to the corresponding static 

test condltlons. For the dynamic tests, the body forms and test specimens 

here installed on the Calspan linear accelerator test faclllty, as shown In 

1 igure 20. The faclllty, In essence, 1s a small Impact sled propelled by a 
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hydraulic ci llnder capable of acselerdtlng a 100 lb mass UF to 40 MPH in a 

stroke of 12.9 Inches. The impact sleed 15 legblated by the inltlal pressure 

of the sillcone base hvdrauilc flbld The movable cart wl th the bca) form 

attached is brought to rest b) the lmpaLt with the material test specimen dncl 

a rebound arl estlng devlct. 

Load-dlspl jcement tesults for the rldt honeycomb panels arc presented 

In Figure 21 along with the corresponding static test data It 1s noted that, 

for a given Jlspldcement, the dyndmlc loads generally exceeded the static 

lecels, I~Idliatin~ Tome rate sensltlvlty. This effect appears to be more 

slgillflc n,lt for the idhe where the dummy arm was Included with the body form 

lhe reason fol this A< not clear bllt lt 1s hvpotheslzed that varldtlon of the 

crush stleng+h propertlcs betkeen the \arlous test specimens could account for 

this :iehav ‘1 , pd~iible rate sensltl\lt\ of the dummy skin material could also 

have c,tused thlb effe,t Tn any event, the dynamo c loads generally exceeded 

the static load5 b) nominal values of tram 20 to lOO%, but more testing dnd 

analyst ; would brl required to determine the exact cause of this apparent rate 

sensitiLlty The deformation of the honeycomb oanels resulting from each test 

IS shocYn In rlgure 22 

D)nClmlc tcast results contalned 1n Elgure 23 for the exprnded lirtthant 

mdtcrldl lndli ITL tl\ it tlil3 rnatcl 1.11 p05~e~ses dramatic rate sensltlvltv hotr 

p,lrticularl) the ~CJlnj)drlSOIl with stdt~c test results In Figure 23(b) lhls 

behdvidr retlccts the hlghl) vlscoelastlc nature of the particular urethCine 

material, 1.e , ttle material tends to relax or flow under slowly applied 

loading but, a5 ‘\ charactelLs:lc of I,I\.OUS materials, exhlblts Increased 

flo\v re>lstallce ds the dlspldcement rite increases Rccolrry cf thr- m 11 CI id1 

to Its orlglndl shape takes pla~c follow,ng Impact as a result of ItI “1 L t 1< 

ploperr .e~ 

-__ --- II_- _ -- 
* 

See discussion or” paper honeycomb CII,~~ strength varlabllltb on peps t31 
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4.3 2 Modified Vehicle Interior Installation 

Frgure 24 illustrates the areas of the interior sldewall that were 

modified for increased occupant protection. Also shown are the positions of 

Part 572 dummies with respect to the padded areas. It should be noted that the 

upper B-pillar, although a likely target for occupant contact in certain lateral 

impact situations, 1s not shown ds a padded area because the structural 2111ar 

modiflcatlon was not fabricated to represent a reasonable pillar cross-section 
* 

shape. 

Reference 3 describes the various padding concepts and certain lateral 

impact test data khlch characterize the padding performance. For example, 

results of a 30 MPH perpendlcul ar impact by a contoured-surface moving barI rer 

indicated the follohlng peak head, chest, and pelvrc loadings for 50th per- 

centile dummies located on the struck side of the modified vehicle* 

Front Rear 
Dummy Dummy 

Head Sever1 ty Index 

Head Resultant Acceleration 

Chest Resultant Acceleration 

Pelvrs Resultant Acceleration 

181 160 

44 g’s 40 g’s 

45 g’s 37 g’s 

46 g’s 23 g’s 

No evidence of bottoming out of the padding materials was observed. I xtld- 

polatrng to the lateral Impact test conditions specified for thus pro :r ittl, of 

was concluded that the same basic interior design would likely be capihlc of 

demonstrating the required occupant protection. Although some minor dcsl!n 

Due to funding llmltations, fabrication of a die formed prototype Y-pillar 
k,is not possible (this was done In Contract DOT-HS-053-2-487). Inbtead, 
the R-pillar was constructed from rectangular steel tubrng with slmrllr 
strength characterist Its. 
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changes were made durrng the course of the crash testing, the basic design was 

generally maintained throughout 

Addrtlonal descrlptl,>ns ur the various pzdding materials and con- 

structions are given below. 

0 rrushdble Door Panels 

Designs of tl,e front and rear door panels are 

Illustrated In Figure 25 As noted, the panels were con- 

structed from both 3/8” cell and 3/4” cell paper honey- 

comb with a coverlng of Ensolrte maternal. The use of the 

drfferent cell size honebcomb on the upper and lower surfaces 

was necessary to more evenly dlstrrbute the chest and 

pelvic loadings due to the varlatlon of contact areas [hip 

contact area 1$ larger than the contact area of the upper 

torso). The paper honeycomb mdterlals were bonded to flat 

.040” aluminum sheets with Hysol Type 3X adhesive. The 

aluminum panels, which provrded a means of attachment to 

the conventional Inner door panels, contained a matrix of 

3/8” holes to allow 21r to be partially expelled from the 

honeycomb cells durrng the crush stroke. The Ensolite 

coverlng wds bonded to the shaped paper honeycomb using 

3M No 847 rndustrl,ll adhesrve, this covering provides a 

resilient surface that would prevent damage to the honey- 

comb In very low speed impacts dnd from normal vehicle usdgr 

Material composltlons and properties are given 

below. 
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SECTION A 4 
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Figure 25 DESIGN OF CRUSHABLE DOOR FARIE1.S 
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3/8” cell paper hone> comb (non-Impregnated) * 

Type KP 3/8 - 80 (0)E 

Density = 2.1 Ibs/ft3 (expanded) 

Paper werght = 80 lbs/ream 

Nominal compressrve strength = 72 psi 

homlnal crush strength = 36 psr 

3/4” cell paper honeycomb (non-impregnated)* 

Type KP 3/4 - 80 (0)E 

Density = 1.2 lbs/ft3 (expanded) 

Paper weight = 80 lbs/ream 

Nominal compression strength = 39 psi 

Nominal crush strength = 20 psi 

*-It 

Ensolite 

Expanded, closed cell, modified polyvinyl chloride 

Type AL 

Density g 7 lbs/ft3 (expanded) 

25% compressive strength 2 5 psi 

Technrcal representatives of Hexcel Corporation have 

indicated that there are basic llmltatlons of paper honeycomb 

that are pertinent to automotlve energy-absorption appll- 

catlons (Ref. 9). The possible deflciencles rnclude (a) pro- 

duction tolerances are such that variations of crush strength 

Procured from Hexcel Corporatron 

** Procured from local vendor (a Unrroyal product) 
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up to * 20% of the nominal value c-an be expected, (b) 

prolong+=d hrgI, humrdtt, exposure can reduce the crLs!I 

stren(r,h YV a\ rnt ch as SO”,, (c) 1 at ,r rbsorptron causes 

paper detcrroratron, and (dj Clammabrlrty. Impregnat Ion 

w;th phenolrc re>lns can provide protection dqc:rrnst humld- 

It) and n2lstur.e sbsorpt ion. However, it 15 no: presently 

kno\un ‘IOW kell lmpregndted paper would \+rths*?nd these 

condlt Len, throughout the service lrfe of an automobIle. 

Tredtmerit iVrt,l flarle-retardant chemrcalJ 1s also possrble 

7, reduce combu<t 1 bll: tv 

in 5 umriarv, paper honeqchmb materrals are known i~ 

ro,schs e>ccptIondi energy dbsorptlon chardcterrstlcs, are 

1 I ghthc r&t and re present 1~ being produced rn large 
* 

\ct lumes However, rt has not yet been ebtablrshed whether 

or not these mrterrals are surtable for dutomobrle appll- 

c,tt lcJn\ rr vreh of the unccrtarntles pornted out above 

tllrthcr itudv IS necded to le\ol,re the fcasrbrl>ty qucitron 

and to est-tbllsh production Lost estrmates for crushable 

door panel designs. 

0 Upper C-p1 1 lar Ared 

The materra used for head protection In this area 



ability to efficiently dissipate kinetic energy (high 

hysteresis loss) and full recovery to its original shape 

after impact. 

Reference 2 contains results of headfon testing 

which show that effective head protection can be achieved 

using a 2” thickness of this material (as installed in 

the C-pillar area) up to impact speeds in the neighbor- 

hood of 12 to 15 MPH at room temperature, based on a 
* 

maximum 80 g requirement. As is the case for all urethane 

base materials , a possible deficiency is its significant 

sensitivity to temperature, i.e., the compressive strength 

decreases as temperature increases, and vice versa. Con- 

sequently, the Impact protection properties are degraded 

under conditions of high and low temperatures, as is pre- 

sently the case with energy absorbing dashpanels con- 

tanning urethane padding. However, normal compartment 

heating and cooling would be expected to alleviate this 

problem to some extent. 

Static load-deflection data presented in Section 4.3.1 

for a lateral body form loading configuration showed that the 

Type S-00230 urethane material 1s highly rate sensitive. 

- This behavior is believed to be generally advantageous in 

this application where the material thickness is severely 

limited by the dimensional constraints of the passenger com- 

partment. That is, peak head loading will vary as a functron 

* 
The human tolerance criterion relating to head impact assumed for this 
investigation (HIC < 1000) appears to be less stringent, indicating acceptahlt 
performance at velocities approaching 20 MPH. 
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of Impact velocity such t,lat complete mdterlal compression 

(bottoming out) 1s avoided. In anv event, crash test results 

cant alned In Sect Ion 5 demorstrate that adecjuatc head pro- 

tectlon for the rear occupanr (uummy) has ‘ichloved under dli 

the lateral Impact test condltlons investigated. 

a Mid C-pillar Area 

ihe design of the 1973 Ford 1s such that a trlanguiar 

shapt d ,ldeball area exists behlnd the rear door structure, 

adlacent to the upper torso of a rear occupant. A crrush- 

able padding utlllzlng paper honeycomb material, such as gds 

used fnr the door panels, cannot be employed in this llmlted 

size area because edge effects predominate, 1 e , the cells of 

the paper honeycomb do not collapse In a controlled manner but 

tend to ‘blow out” toward the edges. As a result, an expanded 

urethane material with ;1 nominal thickness of 4 inches kas 

selected for this area Blsed on a previous material tcstlng 

(References 2 and 3)) Scott Paper Co ImpaL III material, a 

semi-flexible, open cell polyether foam with a density of 

~~pproxlmatel, 3 lb/tt 3, appeared to be well sIllted for this 

appllLation 

I or one craJh test (ho 12)) the same urettiane dq;ed 

ln tht upper r-pillar are,1 (described Ibovt: was substlt ltcd 

for the Impac IT1 In order to cvalu2te the effect of ln- 

creasing the compressIon sLrength of the paddlng mater131 

used in this drea. 

0 Roof Side Header 

Achleblng effcctlve head Impact protectron In thL, 

area IS extremeI\ dlfflcult due tc the dllenslonal constraIn 
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and structural requirements of the roof header In 

fact, a more reasonable approach might be to design the 

passenger compartment geometry and/or restraint system 

such that head contact In this area could be avoided. 

Nevertheless, an attempt was made to offer a llmlted 

amount of head protection in this area by applying a 

layer of l/2” Ensollte over the header structure and 

behind the molding strip. An extensive investigation of 

energ) absorption concept5 (e.g., thin-walled metal 

collapsible structures) kould probably be necessary in 

order to design more effeitlve head protectlon features 
* 

Into the roof header structure. 

Figure 2h shor+s examples of the various interior modlflcatlons 

Approximate heights of the modlflcat Ions are given below. 

Collljment 
__- --- 

Crushable front 
door pane 1 

Crushable ~eax 
do01 panel 

Upper C-pi 11 dr 
paddlng 

Mid C-p1 11,ir paddInS 
(Impac III m,iterlal) 

* 

iteIght (lbs ) 

8 5 

10.0 

2.5 

0 5 

21.5 x 2 = 43.0 (both sides) 

This dlscusslon 1s also applicable to the problem of side pillar head 
impact protection (il- and B-pillars for the 1973 Ford automobile). 
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A total of five modified vehicles were crash tested (see Section 5). 

The folloklng’ table indicates the combination of structural, glazing (see 

Section 4.2.2) and interior modifications contained in each vehicle’ 

Modified 
Vehicle 

Designat ion Structure - 

A X 

B X 

C X 

D X 

E 

Glazing Interior 

X X* 

X 

X X 
** 

X X 

X Y 

* 
. This vehicle was subjected to two crash tests; interior modifications were 

made to the left side only (for Test No. 11). 
** 

Mid C-pillar padding changed from Impac III to S-00230 urethane for Test 
No. 12. 
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Table 3 lists the modlfred vehicle tests that here pl-formed TF,lf 

condltlons generally corresponded either to ConflglJratlor No. 3 or Yo 5 

(see Sectron 2.1). The target impact speed of 39.0 tiIPt1 kas celected for the 

ConfLg4ratlon No 5 tebts* bec,nlse the corrcspondlng bnselrne test ha- somt- 

wnat under Lh, _ntended velocity (set Tlble 1)) tnt ,hoien tdrget speed :s 

bLthvt’en the at tu31 base1 ine LeloLltj (3’ 3 MPH) and the intended impact spee,’ 

i-lO. J WH 1 For ‘*I 1 modIfred vehicle tects, the aittlal rrnpdc t spepdi hc KY 

e\t reme 1: close to the target velocities 

Conslsttnt with the basellne tests [see SeLtlon 3), ill striking 

\rehlclc> wele 1975 ForA d-door iutomobrles wrth the bumper reInfor-cment 

structures rep1 aced by the strengthened 1974 Ford a\semblles Test ho il 

employed the ;dme moving barrier test devlct ds wa used for Test ho. 6 of 

the basellnc serrc s. Striking lehlcle test wc lghts tiere apnroxzmately equal 

to the correspondrng baseilne test l,r,lghts Modlfled struck veh:cle test 

height% were generally comparable to the baselIne \truLh vehicle test \%elg+i< 

bt~duse tbc removal of , rrlous vehicle components requlrcd during the structllril 

f?brrs?tlon prn~eclure tended to balance out the addrt Ional weight of the Gtr 1c 

tural modrtl,~~tlon~ 

? he general nature of the str1Ich vehicle moalflcatlons 1s I~I~I(J~C(L 

II’ Tdble 8 for each test. More detalled rnformatlon reb-lrdlng the \pc-c~ ilc 

glazing and lntellor modlfrcatlons Lan be found b) referrlnp to page ?cd 

(gi ~zin$ descrj,Ttlon) and page 67 (interior descrlp7 -on) and LoTreldt P, 

ti-Ic letter-desrgn‘ited vehrcles to thr specific tests as given below ‘h (2 

dssnclated ha>el Lne tests are also Indicated rn the follni*rng tabIt>. 

-- -__---__ --__ * 
i\:ept for Test ho 12 for whl:=h a hrgher Impact speed kul\ selectsd 
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Modlfled Vehicle 
Test No. --- 

Modlfled 
Vehicle 

Deslgoation -_I_- 
Correspond] ng 

Basellne Test Yo. 

8 B 5 

9 c 5 

10 A 3 

11 A 6 

12 D 

Y-l L 5 

ExLept fol Vehicle t, hhlch contalned glazing a7d lnterlor modlflcltlons CT 1~ 

-11 c struck vehicles contained slmllar structural modLflcatlons AT plevTous1) 

noted, lest uo 12 was performed according to the Conflguratlcn hjo 5 gconctri 

but at a hlbher Impact speed, a comparatlte basellne test therefore does rot 

exist for this case. 

Tne modlfled vehicle test matrix ~+a$ defined such that all four 

comblnatlons of conlentlonal and modified structural and lnterlor Lonflgbr 'tlons 

would be evaluated 1or the nominal 40 MPH perpendicular colllrlon LIMP l’Ccr~- 

figuration Co. 5) Thus 1s illustrated below wherr the speclflc te-t ~LII~I tr5 ii’: 

pro\ 1ded 

-- ---I 
-~ 

/ Conv. 
1 

Inttllor 
i 

Mod ,nterlol 

r--- --- __t----- -- --+ _____ --_ ----, 
, 1 

co1 I\’ btructure I 5 (bnscl inel I N-1 
I- -__________t_- - -- - -i -- -__-- - -- ---, 

I Mod Structure I , I 
I 8 3 

i- -_I~~---- i-------------m-i 

* 
Corn] let e structural modlflcatlons here generallv restricted to th > Ltr f k 
side, 1 e., the side opposite impact did not cont,lLn modlfltd side 1 1 j irs 
111d door beams An except Ion was 1 ehlcle A, hhLct\ was ful Iv r-,d, f 1 rd jL )\i’t 
4lde_; dnd yublerted to two lateral Impacts (ont on each side) 



Results of Test No. 10 enable evaluation of the structural performance for 

the 30 MPH oblique impact case (Conflguratron Yo. 3) and Test No. 11 provides 

related data for the case where both structural and Interior modiflcatlons are 

included and a contoured-surface moving barrier IS employed as the striking 

vehicle. Test No. 12 was performed to better define the upper limit of pro- 

tectron offered by the combined structural and interior modlficatlons for the 

perpendicular impact configuration. It should be recalled that supported, 

laminated side glazing was installed In all of the modified vehicles. 

Appendix B contains complete test descriptions and data for each 

of the modlfled vehicle crash tests, lncludlng the following lnformatlon: 

0 descrlptlon of test condltlons 

0 post-test observations 

0 vehicle and dummy photographs 

0 vehicle exterior deformation profiles 

0 passenger compai trnent static lntruslon measure- 

ments 

0 vehicle acceleration responses and Integrated 

velocity and displacement time hlstorles 

0 Part 572 dummv (In struck vehicle) accelcratlon 

responses, Integrated velocity and displacement 

time hlstorles, head and chest severity indices 

and HIC numbers 
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Table 9 summarizes test results which charzcterlze the structural 

and gla:lng performance of the modrfied vehicles. These results, howeder, 

reflect an extremelv llmlted sampling of thqx avcirlable test 1nformat:on ,Ir~d 

the reader should consult Appendix B for a more complete understandrng of 

the ctructural and glazing performance It 1s Importart to point out that 

the glazing fracture lndlcatcd in Table 9 wa\ lnvarlClblb caused by strldctur-il 

defc,rmUtlon and/or Impact shock and not bv dummy contact F Irthermore, the 

front door lamlnat ed glazing, although the glass plies were fractured, 

remained In place in esch case as a result of the constrdlnt proilded by tht 

peripheral support strL?tures and the plastic layer of the laminate\ 

4 summar\’ of anthropomorphic dumnn data IS presented 111 Table 10 

InformatIon 1s given pertaining to dumms containment within the passerger 

compartment, region of hear1 contact (rf dppllcable), relative velocity if 

head contact (hated on tilt analysis), and the peak acccleratlon responses dru 

ass,?cldted inlul L lndlcators Peak acceleration resnonses cfhlch exceeded t’le 

assumed Injury crlterra are denoted. 

The Fiamllton Rolamlte (Serial No 2164) crds’, sensor mowted or\ the 

flrewdl1 of the struck vehicle (orIented longltudlnall\ ) triggered in tko 

7nstances &tIvCi+-ltin s~enai> were Cbserved In Test ho 1 3t 13 mitt Inci 

111 re\t To 1.2 dt :I) msec. after lnltlal Lontact. kc.e lerat Ior1 dat,, he1 c 

obtdlncd from transducers mounted to the same f xt\lrc a3 the L*dsh sensor 

(tiLta contdlned 111 4ppendlx R) lne Cicrclerdtlon pul\t to \vhlch the crd,tl 

\ensor kas sublet tc,d cdn therefore be correldted wltr :lre sensor 1 e<ponst 
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Table 10 

SUMMARY OF ANTHROPOMORPHIC DUMMY DATA FOR MODIFIED VEHICLE 
LATERAL COLLISION TESTS 

WlNOS”1EL0 

---g --- - 
ROOF SIDE f 

I 1 
HEAOkR L UPPER 

1 CLASS 
EOGE 

---I 

-,s --+ 

I - - + 
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6. DISCUSSION OF RESULTS 

Results of the baseline and modified vehicle crash tests are discussed 

in this section. 

6.1 Base1 ine Tests 

Two of the baseline test configurations were designed to simulate 

lateral impact cases where both the striking and struck vehicles are initially 

in forward motion (see Section 2.1). The method of simulating this impact 

condition appears to be practical, easily repeatable and realistic with respect 

to the particular test procedure, collision mechanics and primary occupant 

responses. Obviously, the post-impact struck vehicle trajectories and secondary 

occupant motions are not well simulated due to the unrealistic ground/tire 

forces generated by the directional reversal and variant wheel rotational 

velocities introduced by the nature of the test method. Nevertheless, the 

simulation method is well suited to the investigation of primary impact occupant 

survivability, which was the focus of this study 

Crash Tests No. 1 and 2 simulated perpendicular lateral collisions in 

which the striking vehicles were traveling at a nominal speed of 30 MPH at 

impact. The difference between the tests was the simulated initial forward speed 

of the struck vehicles, Test No. 2 represented the case where the struck vehicle 

was traveling at 30 MPH at impact while, for Test No: 1, the struck vehicle wa5 

assumed to be initially stationary. Comparing these two tests 1ndiCdteS the 

effect of the tangential velocity* between the vehicles on the struck vehicle 

structural performance and occupant responses. 

* 
Defined as the simulated forward velocity of the struck vehicle at Impact 
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F 1 gure 27 compares the vehicle detorrndtron for these two cazes. 

6 ,i would be expected, tne tangential velocltv tend- to extend the struck vchlc le 

damage rearwal d. Front dcor intrus~~~1 wCLs lower for 14lst Yn. 2 aird 71 proxl 1dte1: 

the idme foL the rell door (see T,ble .!) Acceptablt >:rdcturdl &?tegr Ity hd\ 

ma:nta~ilcd fop both cases 3Lcupant reS;Jun5t3 presented rn Tai11~ 3 in licit 3 

that +h< accelcrat 1on rrposure of the froqt seat dilrnmy kas more Lelere n 

rest x0 1 ,...L IP t&;r.ntial \eloclC, j than :‘OI rest 10 2 (?O ‘4PH tang-ntldl 

\~ClO~ It\)) \%hereqs the oppos1t.e trer.d 1s cvldcnt for the rear seat dumm\r t-cr 

l>oth ca>eq, t IP fr3qt seat dumm, responses were well AlthIn the assume, h14rCqn 

tolerance iLTlts The lateral chest 3ccelertitlon qf the rear durJT\ was margllldl 

tor ltst Cc 1 and exceeded the particular Injury crlterlc?n ior Pzst No 2 

4 co~~es~on,~ing e\~aludtlon of ttit effect of tangential veloLlt\ In 
* 

oh’ lque 1 ltcral c 0111 -l~,n? can be mJde b) comparlng r”Tults JT Tests \o 7 

dnd -1 In both Lajc>, the strlKlng , e7icle wd5 trd i llng at a r,orunai foThdr4 

speed of 31’ !!lW d+ lnpnr t, Test No 4 represented the cast khere the >trLck 

venlcle wa3 SLIIIUL~ ed to bt 1n forwd?d mot Ion at 30 ‘IN, ibhcreas the struck 

VL.tllLlP ha- assUmeJ to he initlallv stationary for Test ‘\io 3 







acceleration response has generally hrgher for the 30 MPH tangential velocity 

case (see Table 3). 

Test No 5 was similar to Test No. 1 except that the striking vehicle 

impact velocity was increased from 29.7 MPH to 37.3 MPH. Frgure 29 compares 

the struck vehicle damage and indicates that the increased impact speed produced 

substantial override of the floorpan sill structure and sheared the B-pillar 

from the sill attachment point. The increase in static intrusion and average 

lateral acceleratron of the struck vehicle is evident when referring to Table 2. 

Front and rear dummy lateral accelerations were slgnrficantly increased for the 

hrgher speed case to the point where the front dummy acceleration exposure appears 

to be margrnally survrvable and the rear dummy chest response clearly exceeded 

the assumed human tolerance llmrts (see Table 3). 

Test No. 6 corresponded to the same oblique impact conflguratlon as 

Test No 3 except that a contoured-face moving barrier was substituted for the 

conventional striking vehrcle Comparing Frgure 30(a) and Frgure 28(a), it 1s 

clear that the moving barrier resulted In a more evenly dlstrlbuted loading than 

the conventronal strrklng vehicle The magnitude of impact loading was approxl- 

mately double for the movrng barrier case as Indicated by the comparison of 

struck vehicle lateral acceleration levels contained in Table 2 Front dummy 

lateral accelerations were substantially increased for the moving barrier case, 

whereas the rear dummy responses were quite similar for the two cases (see 

Table 3). 

Test No. 7 was slmllar to Test No 4 except that the initial contact 

point on the struck vehicle was moved forward approximately 10” to determine 

the effect of loadrng the A-pillar regron, whrch has substantially more lateral 

strength than the front door structure Comparing Figures 30(b) and 28(b) 

lndlcates very little difference in overall vehicle deformation. However, 

lntruslon of the front door structure was Increased by moving the Impact point 

forward and, conversely, the rear door intrusion was reduced somewhat (see 

Table 2). Correspondingly, the lateral acceleration response of the front 
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dumm) was slgnlflcantly more severe for the case whert the Impact point has 

moved forhard, whereas the rear dummy loading was slgnlflcantlv reduced 

Conslderlng the series of basellnc tests as d whole, the side 

structures of the struck vehicles were generally quite effective in malntalnlng 

5tructurdl integrity, i e , preventing cdtastrophlc sldekall Lollapse and massive 

intrusion Bents that could be categorized as structural f,illures were llmlted 

to the sheet metal penetration that occurred in Test 10 3 (hhlch could hdve 

produced loher extremity lnlurv) and the shcarlng of the loher B-pillar structure 

from the floorpan sill that occurred In Test No 5 tlo\\eL er, these structural 

fallules could mole reasonably be attributed to the hlch bumper strength of the 

strlhlng vehicles 

Fracture of the monollthlc tempered gla\s Tide hlndo&s occurred In 

most instances The fractures kcrc ln\dr~.~bl\ i,illsed t)\ itructurnl dtform,itlon 

of the door structure5 and/or lrnpnit \hoch, not h\ dummy cant iit \l though the 

loss of iide glazing provided L posslblc route i-or front oiiupint pdrtidl eitctloi 

under the plrt~cula~ test condltlons c~~mlncd, complttc Lont,ilnment of the 

dummies w,is malntdlned in ‘111 cases The n,ltulc of the cant Iit betkeen the In- 

trudlng door structure and the front d~lmrnv tends to prl\ nt motion of the 

dumnn ‘5 head through the front door r+lndoh opening b\ thri15t lng the torso aha) 

from the struch side of the vehicle before large ldteril tlexlon of the ne<A 

takes place. 

The mechanics of the dumm\/slde\%all colll~lon TIC \uch that the dummk 

tends to remain fIxed klth respect to the pre-Imp ict \ch~c le geornctr\ \lntll 

1)~ the lntrudlng side gtructule tahes pl,tce ( onycqucnt li , it 15 

reason,ible to LiSsume that the severIt\ of the dumm\ rcspon\c 15 related to the 

relatlxe lateral veloclt) beticeen the dumm\ ,Ind the lntrudlng structurt at the 

time ot contact The follo\vulng t,iblc pto\ ILL> 5ornc :nilght Into the n iture of 

the front dumm\/slde~9d11 contact d~ndmics 
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1 
-# 

Peak Chest 
Test No. Lateral Act. (g) 

1 35 25 3.2 16.0 

2 28 30 3.0 9.6 

3 42 60 3.4 15.6 

4 26 35 1.4 5.0 

5 46 2.5 3.2 17.8 

6 63 40 4.7 21.0 

7 61 50 1.7 14 2 

Time of Dummy 
Contact (msec. ) -- 

v 
(ME, 

Vfd 
(MPH) 

where 

V 
PC 

1s the lateral velocity of the passenger compartment at 

the time of dummy contact (determlned from output of an 

accelerometer flxed to the forward floorpan structure) 

and ‘fd IS the lateral velocrty of the front door inner panel at 

the time of dummy contact (determined from output of an 

accelerometer fixed to the door panel). Since the front 

dummy has no apprecrable motion prior to contact, this 

1s essentially a measure of the relative velocity between ‘I/’ 

the dummy and the Intruding door structure. 

These results demonstrate that the door structure in all cases was 

accelerated to a lateral velocity (Vfd) at the time of dummy contact that 

greatly exceeded the lateral velocity of the overall passenger compartment 

(V 
PC 

) occurring at the same point in time. This points out that the 

klnematrc response of an undeformed part of the passenger compartment dots 

not meaningfully indicate the severity of occupant-to-sidewall contact, 1.e , 

the relative lateral velocity between an occupant and the adJacent (lntrudlng) 

sldewall must be considered. Figure 31 shows that the severity of the 

resulting dummy chest accelcratlon generally increased as the relative 

velocity between the dummy and the Intruding door Increased. Indeed, with 
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the exceptr-n of the data point fcr Test Yo ‘, a strong parabolic relation- 

f,,.l~~‘+ 

hip 15 su&gested I-lgure 31 escentlall) characterlzts the Ilmlt of protection 

1 lovlded b, the coned nt tonal Inner dnal :a,~el, lchlc’, possesses 00 substar]: 1 d! 

olL 
,rlw 1 ob 

j!b@, enerq\ absorption or load-llrllltlr,g cap&l 1 :t\, slnct tlhe stiff ,netdl door panel 

lsterk 
Y  

I- c ), ered only b) d bery thin 

matct 1,t1 

aboilt 3/16” thick) lCtizr of up110 

6.7 Flodlfled Lchlcle lest 

I?rerdl lmpdct te5ts ,If modlflad vehicles were performed ilnder :ne 

~e\t Ldndlt Ions that rt>lll ted In th\ genpjdllv 7,ort ,everfJ 1nJurj e\rosure for 

the : 1 ()I> t b ‘dt oi_cup in+s ;;‘a1 t -72 lummley), based OI the basz!lne +ebt IL;U~ ts 

II~CY~ ibcre tlLe higher speed pcrpendllul2r Inpact contiltlon (Conflguratlon ‘VO -j 

I,]j +),e C)‘,l 1qt1e 1 IT‘ aLt conflgurlllcri iyhereln the struck vehicle has assumed tJ 

of. lnlt 111 1L St 1tlQnary (C?nflgUrd:lOn UO. 3) Modlfled vehicle test results 

Ale presented IQ Section 5 ,ind Appendix B. Irl the following sectlons, result> 

r~f the ,JerpeT dlcular and oh17que impact tests are dl\cussed separ’itelv, and d 

zc erai evCiluCitlon ot the o\er~ll test serleq 1s precented 

t 21 Perpendicular Impact iondltlon ~____--_ - 

I’lt .i~scllssld~l Of the baselive test results in SectInn 6 I surge> t 1 

’ ‘ldt tilt 5e\t, 1 t .t o ,,ipdnt acC~l~rstlon response L- directly related tj) t’l- 

lcliitlce lditcl ?! \.zloclty bethpen the occurant and the vzhlcle lnterlor b de 

‘4 .l 1 1 t+ tlie Tln;le of 1n1t 41 c,x-ltact Thl s appears to be correct bcLduse tJ 

111 1 r 01 ,l~~eler I*I~)~ of the >ldewall tends to take slate before oLcuFa*lt COTI* j,t 
* 

OCCL Lb r: tlTlloh’s that the reIdtILe lateral veloclt\ should be mlnlml-ed 

In v,3er t 0 1rnl7rl \ 3 occupant survll nb L 11 tv Two approdches (and d CoT,b,n7it 1 1 

LJ t +bt tL%c) I\CIP lnlestlgated in the modlfled vehicle test serle5 

* 
rhl, i15sL~,re5 n,l initial s$aclllg betkeen the ocL’Ipar\t and the ad]actnt 
Sldcbal 1 correbpondlnq to the nominal seatl-ig posit Len selectee fr)r tht LI sl 
tests (see SectLon 2 ij. 
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:a) Structural qodlflcat ion 

This approach w 15 dIrected to JarJs reducing rhe 

magnitude of compartment lntruFlon and, more lnportzntl\ , 

the lntruslan velocity. f T?le latex al sldeLral1 velocity 

15 the summation itf th? loLd1 intrusion velocity and the 

over211 vehlc le lpterdl bc ‘~;lt) ) ‘iIlls approach has its 

IlrnLt s dile to thy ph;rslcal lab of conservat Ior3 of momentum 

whlc!l dlctdtes tLe rllagnltudc of the overall lehlcle 

latr ,,I: ve :oc ity change . 

(b) lI,terlcr I adding 

A~~rllcntlon of crushable or yleldlnb materials to 

the -1te: 101 sidewall can provldc a means of controlling 

(llm~t~ng) o_cupant loading aft-r inltla! conta, t up to 

the POIP+- whel e d Lommon lateral vc locltv 1s achlel ed 

(wrier the rel<ltl\t velocity between the occ,,pant and the 

sldel~a: I benlnd tile padding beLomes zero and rebound 

commence 3) 71 IS approach also has Its llnlts because of 

dlmpn\lonal jmaierlal thickness) con?tralnt\ and the need 

to rndklr?Lze energy dbsorptlon while nalntalnlng to1 erable 

oc cupdn: 1;la-l lag Exh&ustlo? of llnerAv sbs )rption capa- 

b*ll’y r-suits 111 the nAterla1 “botto,nlng opt” against the 

sIdehal! Ttructure. 

I<) CImhlnatlon of Ltructllr?i and lnterlor Modlflcatlons 

C?,nbinatlon of both the abobe approaches in an 

eifectlve manner trould dppedr t3 provide m3xlTrru-n occupant 

protect1311 In lateral cclllslons bv lmprovlng structural 

lnttgrltv dnd controlllnp 0~ cupant loTdIng. 
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Comparing results of the following perpendicular lateral impact 

tests enables an evaluation of these approaches for improving occupant pro- 

tection since all four combinations of structural and interior configurations 

are represented. 

Test No 
Impact 

Velocity (MPH) Modlf icat ions 

5 (b.1.) 37.3 

8 39.1 

N-l 39.2 

9 39.1 

12 50.5 

None 

Structural only 

Interior only 

Structural and Interior 

Structural and Interior 

An exhaustive study of these test results is beyond the scope of this dlscusslon 

and, therefore, emphasis will be placed on the front dummy/front door inter- 

act ion mechanics. 

Figure 32 compares the resultant chest acceleration responses* for 

the four cases corresponding to a nominal impact velocity of 37 to 39 MPH. It 

1s immediately apparent that the interior modifications had a more pronounced 

effect on the control of acceleration response than the structural mod- 

ificat ions. That is, the acceleration responses for Test No. 5 (baseline) and 

Test No. 8 (mcdified structure only) are very similar, lshereas the interior 

modlficatlons employed in Tests No. 9 and N-l more effectively increased the 

duration and llmited the magnitude of the acceleration waveform. 

Based on a 3 msec. clip criterion, the peak lateral acceleration for 

the modified structure case (Test No. 8) exceeded the baseline (Test Yn. 5) 

response (73 g’s vs 46 g’s). Explanation of this can be based on the 

difference In impact velocities, which apparently resulted in a greater mdxlmum 

* 
Filtered according to SAE 5211, Class 180 specifications. 
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relative velocity between the dummy and the sidewall for the modified structure 

case (20.5 MPH vs. 17.8 MPH).* Results indicate that the front door intrusion 

velocity (as well as displacement) was actually reduced somewhat by the struc- 

tural modifications, but the increased lateral acceleration (and associated 

velocity change) of the overall vehicle early in the collision impulse prpvented 

reduction of the relative velocity between the dummy and the intruding inner 

door panel. 

It is clear that the most effective control of front occupant 

acceleration response was obtained for the case of combined structural and in 

terror modifications (Test No. 9). For the case of interior modification on11 

[Test No. N-l), the crushable door panel padding bottomed out at approximately 

35 msec. (see I’igure 32b), which was followed by the relatively high acceleration 

pulse between 35 and 45 msec. The higher velocity change of the dummy for this 

case as compared with that of Test No. 9 (compare areas under acceleration curves) 

suggests that the conventional side structure was considerably less effective 

than the modified structure in limiting the relative lateral velocity between 

the dummy and the intruding door panel. 

Figure 33 provides further insight into the dummy/door panel interactian 

for Test No N-l The high bottoming loads that resulted in this instance aTe 

believed to be rather unusual because the crushable door panel successfull) 

accelerated the dummy to a velocity common to that of the door panel behind the 

paddrng (zero relative lateral velocity) without applying excessive torso 

loading. However, at the instant that bottoming occurred, the door panel sustalnld 

a high acceleration pulse to which the dummy was also subjected. If these even? ) 

had not occurred simultaneously, the performance of the crushable padding wolld 

probably have been more impressively demonstrated. 

* 
Note that the point x = 20.5 MPH, y = 73 g’s is consistent with the envelope 
of data points in Figure 31 that characterizes the conventional intclrlor JC oL 
panel stiffness 
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Test No. 12 illustrate> the -rise where quite adeqtidte compartment ir- 
* 

tegrity was maintained by tne ctructurai modlfinat;ons, but the high Impact 

sevcritv (50 5 YPH) and assocrated !,rgh lateral velocity change clearly exceeded 

the energy dbborptlon capacit) L>f the cri~~hable door llanel>. ‘-lgure 34 shows 

that at the point khen the padding bottomed out (32 msec ), the relative latexal 

v~l,~( lty betrjeen tke doer panel and the dumm) has on the order of 15 MPH. Do\ r 

p111e1 dccelelatlons following the ttmc of hottorlllrg wtre reldtlvely :ow, urlllke 

t’lt yre\ 1 )1’s . dse 1 llustra+ed 1 see Figure ~31 Therefore, in this Instance, 

the ‘?l;h a~cele~a’lon Te\ponse resulted from the residudi rclatlve velocity nt 

the time of cottnmjng and not from transmission of structural acceleration to tnc 

Jccupdnt (commcnly ri ferred to as LrAhlcle “ride-down”) 

6 2.2 Oblique Irract Condltlon 

,I.e general dLscussron ot structural and interior rnoilflLat1ws con 

tarned Ln Sect Len 0.2. I applies equally to the oblrq,~e impact condition. i or 
this ca>e, the ,lndlfled vehicle tests provide the foliowing comparison\ of 

ktructdral and inter or performance 

Te\t No 
Impac:t 

Velocity (MPH) ---- Modiflcat ens --- 

> (baseline) 

10 
** 

b (base1 ine j 

11** 

29.7 None 

29.8 Structural Only 

29 6 None 

30.2 Structural and Tnterlor 

Figure .33 presents d comparison of the frn,lL dammy resultant chest 
** * 

responses for these four cases. For l h,: (‘35e of structural mod1 zLLdt AoJ 

---_- _--_- __-- * 
The structural deformations and passenger compartment static intrusion *I r, 
generallv comparable to results of the 37 3 MPH nasellne condition (Tect ko c, 

fi 
Contoured f ice mcvlng barrier impacts 

+t* 
Filtered ac cording to S4E 5211, Clasc 180 sp”clf?cations 
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only (FIN 11-e 3511, tl e characteristic ‘na veshape was generally calvtalned except 

tnat the peak idteIa1 accel?I’atzon wds reduced substantially (from apprOXimdt6 ly 

42 g’s to ~0 g’ _ , basec oil a 3 I ~CC i lip crltrr,onI Since the impact vrlorltles 

were nearli ~ql~dl, it appears thdt this TmpLorement reh,l:ted from the reductlln 

of the md’lmum relative velo( lty oetkeen the dumm, and the ad]acent door parlel 

>tructurr. Test data subst<j?cldte tills conLILslon CIRCE the maxlmrlm r+iitl\c 

lateral velocit,r wa‘ rL luprd from ailk lox~m+tel Y 15 b MPH for the ?asellne ton 
* 

tlltlon +c ;hout 11 3 MPH for the \truct lrallv modlrled vehicle case. 

The apl 1 q~d,l~T~ af structh ii lnd lnterlor modlfrcatlons for the morlng 

oarrl er rmpaci concklrlon cltdrlb lnflllenced r:~e nature of the durl,rL responses 11~ 

that the chest loads were effectrvei) lllI)lted and lrrreased in duration ‘1) tb 

i*ru\i able (toor penf-i Ihls resulted ever] thou,qh the maximum relatlle ld+@rdl 

vclocit) b>theen t!le dummv and the door struct:,re (behlnd the pdddlng) was nc 

Ilbs+Ant I dl I’ (_han,;ed t\ the s:~~~-tural moilflca+lons (18 9 MPH vs 21 .O MPI1 

for the b lsellne condrt Ion) Peak lateral acceleration of the front dump\ \?a- 

reduced f~,>~ b3 c’s to 43 g’s princIpallv due to the lnterlor modlflcatlnns 

6 3 IGenera L II1scusslon ___ - -- ___ -- 

Thtl pzeczdlnp evaluation of the i\asel ine 1 Iter,tl ImpaLt perftr111~inck , 

altnough llmlted In \ccipr, < learlv lndlcated that the PI erlty of occlqant 

InTllry exposure LS rela+td to the rc’dtlve veloclt\ betlticen the occupdnt an.! 

the cant acted i LlarJall \drt Ice, sLnce the conventional vehicle lnterlor posse\ e 

nCldei:liate loari-llm~tlr~g or yleldlnp 1‘1r~ptrt1e; Structur31 mo?~fI-atlon~, 

,lIthoupl somrwnat effCctlve in reducing the relative contact vtloc~+, rj-erir to 

be Cundanlental 1) llmltcd as to the extent of 1 cLllpar,t plotectron that ,a11 bc 

------__ ----- - * 
vote th,,t the point h = 11 3 MPH, y = 30 g’s fall\ within the envelope ot 
&ta points 11’ 1 I&UC‘> 31 
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gained without the associated application of protective interior surfaces.* 

It should be pointed out, however, that structural modifications which resist 

massive sidewall collapse in lateral collisions more severe than considered in 

this study would very likely enhance the survivability of occupants seated away 

from the impacted side of the vehicle 

The crushable door panel installations were shown to be quite effective 

in controlling occupant loadrng However, further refinement of the crush 

strength (load-deflection) properties is needed to demonstrate further occupant 

protection. Figure 36 illustrates the extent of crush at the upper torso contact 

area that resulted for the front door panel installations corresponding to the 

particular crash tests. Complete crush of the upper torso contact area occurred 

in all cases except for Test No. 9 (complete structural and interior mod- 

ifications), in which approximately 1” of uncrushed depth remained. Crush 

capability of the lower contact areas from lower torso and hip impact appeared 

to hale been exhausted in all cases. Evaluation of the torso response wave- 

shapes and the physical crush evidence indicates that the paper honeycomb crush 

strength needs to be increased by about 25%. This could be accomplished by 
** 

either reducing the cell sizes or impregnating the paper with phenolic resins. 

Inspection of Tables 3 and 10 indicates that unacceptably high head 

loading did not occur under any of the baseline or modified vehicle test con- 

ditions, based on the assumed HIC limit For the front dummy case, impact with 

the roof header and/or glazing surface was either prevented or minimized (low 

contact velocities) by the nature of the lateral occupant kinematics. Rear 

occupant contact with the upper C-pillar area appeared to be marginally tolerable 

in some of the cases, but the installation of the urethane padding material 

effectl\cl\ controlled head loading 

This is analogous to the frontal impact protection problem in that an 
effective restraint system is absolutely necessary to take advantage of 
structural crashworthiness improvements. 

** 
1s discussed in Section 4.3.2, impregnation would likely be required for 
humidit) and moisture absorption protection. 
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Wrth respect to the laminated glazing lnstallatlons in the modified 

vehrcles, there was no lndlcatron of slgnrflcant head contact resulting from the 

lateral impact tests. Consequently, although the peripherally supported glazing 

proilded an energv-absorbing containment surface as shown in Figure 37, no such 

additional protection appeared to be needed, at least for the particular impact 

condltlons considered Fracture of the glass plies evrdent in Figure 37 was caused 

b) the structural Impact response in all cases and not by dummy contact. Such 

a containment surface would more likely be of benefit In rollover accident types, 

partrcularly if occupants are unrestrained The need for protective side glazing 

could also be more apparent in other lateral Impact modes and/or for automobiles 

of smaller size (see Ref 4) Finally, the degree of anthropomorphic dummy 
* 

lateral response fldelrtv has an important bearing on this sublect 

* 
The degree of lateral impact fidelity of test dummies has not yet been 
established. It 1s probable that dummies of different make and model 
possess different lateral impact response characteristrcs, but more research 
1s needed to firmly establrsh the nature and significance of thus probable 
varlablllty. NHTSA is cognizant of this need as evidenced by the issuance 
of RFP No. NHTSA-6-A202, “Callbratlon Procedures of Test Dummtes for Srde 
Impact Testing,” August 15, 1975. 
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7. CONCLUSIONS AND RECOMMEYDATIONS 

The following speclflc conclusions and recommendations are based on 

the results of this study. 

. l Test Vcthodologj 

. The procedure developed for performing lateral impact crash 

tests &here folw<ird lnotloIh of both the striking and struck vehicles ;s slmu 

Idted (see 5ectior, 2.1) has been found to be reasonable to perform, easily 

repeatable and le,illstic. Colllslon mechanics and primary occupant responses 

are belleLed to be \alldlv represented by transferring the assumed initial 

velocltt vecr\)r of the struck vchrcle (in the reversed direction) to the 

sl1lklng vehicle However, post-impact vehicle traJectorles and seconddry 

occupant responses -ire nclt well simulated due to the unrealistic tire/ground 

interface forces bhlch control the vehicle kinematics following the collision 

impulse Nevertheless, the method is well suited to the study of primary 

impact dynamics, which was the focus of this study. 

Application of laterally-oriented accelerometers to the impacted 

interior sidewall of the struck vehicle has been found to provide important 

Information relative to the study of occupant/interior collision lnteractlon 

Accelerometers placed dt undefon7tJ iehlcle locations, as has been standard 

practice, are needed to provide data which characterize the overall vetrlrle 

dyr,amic response 

0 Convent iona 1 Vehlcl e Crashworthiness 

. 

The side str~~ct\xe of the conventional, full-s1 e allL\,mob 1 

inxestlgated generally performet! effectively in maintaining strut tural llcte~l 1 t) 

and preventing massive compartmen + intrusion under the lateral Impact co I- 

dltrons considered (see Sectlons 3 and 6.1). For perpendicular lateral co111 

slons, substantial override of the floorpan side sill and fallare of the lower 
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ti-pillar attachment can be expected to CCCJT fcr impact velocities exceedlnp 

dhollt 35 MPH However, this woul<i ;lot be cxpflcted to restlit In totall\ un- 

LI eptdble I olla3stJ of the side structilre clnless the impact speed srlbstartlall / 

e\cceded the 35 to 40 MF;, range l-01 the -asf. 01 oh1 iclue .ateral Impact, 

1’1’ &l’PU structural performance Fppeared to have been adequate klth the passlblt 

ex~cpt'on of d tendency TO penetrdtn tne Iok qtructtlre ti\ the bhrnpel stru- 

'11rt af a \trlki lg \enlLLe 4 1117v~ng barrier Impact I-ondlt Ion prodluced 

,(\mewhat gr eatem lntrdslon of the pas,cnger compC!rtmer+ at the vthlcle belt 

1 tne ,mld-le~zl, that approached an excesslvc Kdgn1t.idt at 30 NPH 

Wltn Lras,‘rct to Lccupant pr,)tectiqn provided bv the Intersor pd%sengcr 

LI’I fai es It hds shn\l tha: the rrapnltude of accelclatloq 

ieJp~jl <e <If an occLkdnt scated adjacent to the Impacted sidewall 15 d1Te.r +ly 
- 

rel.t~ve velocity betkecn the occupant and the lntrudlng \trx- 

tl,re of t’le time of contact sin<-e mnZ:or sldewall accelerztlon tends to occur 

1-Q 1clr t ) uin contact, relative velncitie, :xrecdlng approximately 14 to 18 MPf 

I'~'Iv=IIv reslllted 11 peak lateral chest ?ccelerdtlorl% that exceeded the 

d<sdncd +,jrsan t sler,+r,ce llmlt of 45 g’s 

The conventional monqllthlc tempered side glazing fractured in most 

In-tzncts as a yes IL of \tructutal dcfo;matlon of- the Juor structure under the 

11r,)a<-t Lk,ndltlon investlbafed Althougn this pIotilde< d possible roii!e for 

oc llpd'lt e: t=rt1on ,dt ledst partial ?Jectlon of tJarts of the upper body), 

cor,ipitltr corltainnient of occupants (Part 577 tiun~r~s) wlthln the pas4engcr Lam- 

pdrtltlnt outer surfaces was mdlntalrl6J In nil i ase‘ 

It 15 c(nclLded thdt the most significant ieflclency of the 

LoIlxc?nilo?dl vehicle design rel,jtlnk tu 1 iterdl Lolllslon occupant protect 0' 

,\ the Eeneral lack gjf energ) dbsorblnr or vlLLdlng (lodd-llmltlng) lrltellor 

,,de surfLll es. Eo ‘he partlculdr atitomobll? co 1: ldered, the prlrnaI\ arCaS of 

Loncern <II-e tFI f1 on: dnd rear door Inner 1 inrlJ ,tnil the region of the C pllldl 

ht rLlc ture ibchlnd the lear door adjacent to a re,,r se *ted occupant). 
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l Alternative G!azlng Materials and Constructions 

Results of headform impact testing of peripherally supported, 

laminated glazing specimens demonstrated that a two-ply annealed glass construc- 

tion utlllzlng a 030” PVR lnterlayer would provide adequate head impact pro- 

tectlon a11d ~1 ntalnment fnl head-to-glass impact velocltres up to at least 

20 W’il. S1r,cc thlk type of glazing 1s currently employed for all domestic 

automobl;P i\lndshlelds and has at one time (prior to the late 1950’s) used 

for side wlnctcw>. production feaslbrllty 1s not in doubt. However, return to 

l~inlliated annealed glass sldtlltes would ,l) increase production costs sub- 

stantlallv, (2) increase the replacement rate because of the fragileness of 

anntd led g! r1>5 (\usceptlblt to breakage from door slammirg) and (3) probably 

lnclease lAceratIon lnlurles in lateral collisions due to its hazardous fracture 

prcpe;‘tirs 

TYG ply thermal temt>ered glass with a PVB interlayer would not possess 

the above stated deflclenclcs of laminated annealed glass except for a similar, 

if not hl$er, production cost increase relative to present monolithic tempered 

glass sldellte cost _ However, as a result of warpage problems during thermal 

tempering , there 1s a Ilmltlng thickness at which tempered glass can be employed 

in a laminated cullstruct1on (estlmdted to be about S/:2” with present day pro- 

duct 1 c t echn lqi~e> j Headfolm lrry.act test results lnd,cated that a two-ply 

construction of 5/>1”’ tempered 211s~ possesses a dynamic breakage strength that 

would produce excessive head loading at head-to-glass impact velocltles 

exceeding about 10 MPH (assunlng that the glass plies are not fractured prior 

to he,id contact by structural deformation or other causes) 

lhe most attractive alternatlve to monollthlc tempered glass, at leaqr 

from J. head protect ion dnd contdlnment surface standpolnt, appears to be d 

tko-plS ) e.posed plastic construction in which tempered glass is emplo>e dS 

the outslde layer dnd the inside layer 1s composed of a thin pldstlc mater:al 

I’hc advantages of such a “bilayer” construction are (1) no signlflcant weight 

increase o\ rr conventional monolithic tempered glass, (2) Improved energy - 

absorption and cc7ntalnment propcrtles if the laminate IS effectively sup~w~trd 
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2nd (3) reduction or ellmlnatlon of laccrdtlon potential due to the protect,\? 

plastli Inside layer. Inherent disadvantages are (1) lrcreastd production Lost, 

(2) questlonable durabllltv because the dbraslon rtslstance of the lnslde 

(plastic) surface would be lnferlor to glass and (3) questionable resistance 

of the plastic material to pTolonged humldltv and nolsture exposure, vdriou‘ 

chemicals and to other possible deteriorative cnv;ronmentll ccndltlons 

With respect to the possible durablllty deflclencles of exposed 

plast 1c lam;nates, it 1s well known that this type of glazing construct lu:l 

In Its present state of development, will not meet the Iequlrenent5 nF FM,55 

YO 205 fox motor Jehlcle use In areas requeslte for driver \lslbllltv The 

prlmar,’ and posalblv insurmountable obstacle prelenting conformance with 

1MVSS ho. 205 1% the inability of known plastic mattrlal? to meet the speclfl- 

dllrasion resistance test requil ement , which was based on glas? abrasll3rl 

propert les In view of the potential advantages of exposed plastic laminates, 

;)art lccllarlt for w tndshleld application, it 1s recommended that the FM’& SS No 

203 requirements be revlehcd to ascertain whether or not relaxation of the 

abrasion test condttlon 1s possible for the inside glazing surface wl thout LOCI- ~- 

prorisIng the esqentlal need for durablllty and optical acceptablllty through- 

out a reasonable service life of an automobile. If suItable relaxation of thz 

ypecl fl c safety standard AS feasible, development of exposed plostlc laminate 

for automotIve dpi ticatlon hp glass manufacturers will no’ be InhibIted or 

precluded 

Flnallv, results of this lnvestlgatlon have demonstrated that It 1s 

possible to probIde adequate peripheral support to 1 inlnated side gld‘-b l+rrti<h 

sultdble design of an upper door frame lnd peripheral frame hvnded to the ‘lay’3 

edge, while prescrvlng normal side klndow ro’lldokn operation. 
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0 Interlor Paddrng Materrals and Constructions 

Results of static and dynamic tests of crushable paper honey- 

comb mdterrals using a lateral body form show that these materials possess 

excellent energy absorption and load-limiting properties (see Section 4 3). 

Proper selection of cell size (or a contblnatron of materials with different 

cell srze) allohs a door panel to be constructed that uniformly dlstrrbutes 

loadtng of an occupant restrltlng from a lateral impact. The paper kneycomb 

can bc shaped to pr,>\lde an Inner surface rncorporatrng an armrest and other 

needed cant ours, a resilient matcrral can also be used to cover the honeycomb 

for recrstlng damdpe during normal vehicle usage and from Impacts of relatively 

lok speed. 

It rematns to be demonstrated that paper honeycomb IS a vrable materra 

for automotive appl rcat ion. The prlncrpal concerns are (1) reduction of crush 

strength as a result of prolonged high humidity exposure, (2) deterlordtlcn of 

the paper resultrng from moisture absorption, and (3) flammability. It 1s 

possible that these deflclencles can be overcome by impregnation wrth phenolrc 

resins and applicdtion of flame-retardant chemicals. However, more research 1s 

needed to resolve the feasibility question. 

Xn experlmental expended urethane material was also examined which 

exhibits exceptlondl energy absorption capability and recoverabillty. This 

mdterlal, which 1s highly vrscoelastrc, appears to be well suited for head 

impact protection. As IS the case with urethanes commonly used In energy- 

absorbrng dashpanels, the material propertles are sensitive to temperature, 

i.e , stiffening occurs at low temperatures and high temperature produces 

softenrng. However, normal compartment heatrng and cooling would be expected 

to alleviate this problem. Flammablllty, toxicity and production costs rem iln * I) 

be evaluated. 

c 

In vrew of the fact that protectrve interior side surfaces are 

virtuallv non-exlstant In present-day automobiles, it IS concluded that 
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cxtenslxe lurther research IS needed to eqtabllsh the feaslblllt) of Iltlll::lnv 

energy absorblrlq n,,tcrTals for :mprovlnK latcrdl lrnp~ct protectlon. 

l Mcdiiied Vehicle urdshkorthlntss 

The structural modlflcCiclons incorporated In the struck 

vehicles denonstrCited substantldl reduction In TlJe structure deformation and 

i i\scnger corqartment Intrusion Structural performa?,e under a perpendlculdl 

1 itera impact condltlon at dpproxlmately 50 MPH was ktnerdllv co”ipardble to the 

Lonventlonal vehicle structural performance at about 30 MPH, lndlcatlng a 

nnmlnal lncieast in klnetlc energy dls\lpdtlon Lapabllltj on the order of 50 

t 1 6 0 “, llok ever, It has been found thdt structllldl iroalficatlon in lt>elf l3 

fllndarnent?llv llmltc>d as to the extent af occupant nrotectlon that can be 

t’rov1 ded rhls ~ppl arq to be the case because the acceleration response of an 

( ccupant (Part 572 dummy) has shown to relate directly to the relatlle veloclt 

between the occupant and the adJacent lnterlor sldewall at the time of contact 

lor similar Initial dummb poslt:ons, structural modlflcdtlons were shohh to 

reduce the relative contact veloclt) somewhat but conservation of linear 

momentum conslderatlons prevent substantial reduction. Structural modlr lcatlons 

also appear to be mere beneficial in ohlioue lateral collisions than In per- 

1 tqdlcLlar impact modes Furthermore, It 1s concluded tb It I>ccupanth sedttd JILL 

f: cm the lmpdcted side would most benefit from structural nodiflcat Aon ~ri e trtir c ! \ 

\e\ere lateral colllslons. 

~fodiiIcdtlon of the vehicle interior side Turfaces to dlrrctl) control 

occupant loading IS the most effective applodch fcr lmprotlng oLcupdn+ pro 

tect1on, partlcularlb when combined hlth structural modLflcdtlons ‘A1tt 314k’ 

c,llther refinement In the yleldlng surface characterlstlcs :s needelI, the 

liiterl or nrotect 1\ e >uz-faces Invest lgated In this stud (crushable door \)A’ t I 5 

lnd Lomplesslble padding) clearlv excllblted effcctllt energy mdndgemcnr d ti 

load-l Imlt ng plopertles. It 15 conLluded tndt zrrphdsls should be pl,ct 1 IF 

lIr,provlnz t ‘le nterror protectlon provided by automobiles In our Judgrrer t \ucli 

lmprobement I 5 cledrlv needed dnd would probably provide the greatest ~‘7’ of’ 

1f lateti to enhdnclng occupant surbl\~dDllltk In lateral collLSlon\ 
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Peripherally supported, laminated side glazing has been shown to 

provide an effective containment surface, such protection against partial eJectIon 

in lateral collisions is not provided by conventional monolrthic tempered glass 

side windows However, the lateral impact test conditions considered in this 

study did not result in significant occupant contact with the laminated side 

glazing, which Indicates that no direct benefit was demonstrated. Consequently, 

results of this investigation do not convincingly support a recommendation for 

side glazing modification This IS not to say, however, that such side glazing 

changes would be unbenef>cial in other lateral impact modes and, most importantly, 

111 rollover accrdents where unrestrained occupants are most susceptible to elec- 

t1on. In this regard, it is suggested that a restraint system that is effective 

In lateral and rollover collisions (minimally, a lap belt) is the primary element 

needed for reducing the likelihood of election through window openings 

0 Front/Side Structure Compatibility 

. 

Although not specifically addressed in this study, it 1s 

clear that the collapse properties of front structures have an important 

bearing on side structure performance and associated occupant protectlon in 

intervehicular 1 ateral co1 llslons Tailoring the force-deflection character- 

istics of front structures so as to more evenly distribute the eneigv 

absorption between ,trlking and struck vehicles would ease the demands placed 

on side structure performance and also, If the mdgnitude and rate of sidewall 

Intrusion can be reduced by improving front-to-side compatibllrty, increase 

the effectiveness of yielding interior surfaces. Geometric compatibility 

between front dnd side structures 1s of equal Importance since the location 

and distribution of side structure loading directly affects the patttrn of 

structural deformation. It 1s therefore conciuded that increased emphasl5 

should be placed on front structure compatibility in future resealch related 

to improj’ing Intervehicular lateral collision survivabrlity. 
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Tl e results alicl conclll5loni of t’ 15 \t kiy dre IargeIv bd5ca 

iJl\ the _ alerdl 1 tsl~orlse LcilaL Lor ot the Pa1 t 272 durm~ erq 11) ed 111 the CT L II 

Cr>t ,Jroprdm Fir lealisln of t+, 3 t)pc of test dumm} (dnd Ithers), ,3art1~~~! irlc 

/ 1rt-1 1 1*'CC t tc )iC'di c0111>1u11 response, Loiitinues tc, l,e In que<tIoii 

‘1 tt <,udh the c, 11 ICI-III tn I his poLr\t ha, been main!) naTed on sublectll L 

” I ound c, ) 3 the r:gldlty of the thoracli. spine and the seemlrlgly high flexural 

,IJ tnrslondl stlfiile,5 ot the neck ldlse serious doubts cl5 to acceptable 

;ldelltL It IS therefore recommended that a study be conduct6.d to dettrmlnr 

I ie redllsm CJf lateral dummv motion and to ascertain the need for furtiler d~llll, 

c -1:~ spe~l~lc~t~nf~s xelatlng to lateral djnamlcs 

l br ’ t :lellr vial blodellng nf Lateral (olllslons 

It L\ lccommended thit d mathemdtlcal model of \ehlLle/tic CIt i 

m,)dit d\ rdml cl kw c!eVe loped Thl s appears to be needed to lurther define 

81e laterd 1 Lmpact rl 1111 mechanism and to more lntensl\elv stud) the relet! c 

t tfectl\enc>s c,f structural (both front dnd side) and lnterlor modlflcat3on 

tb pi o ichP- to* 1mpr3 ing lateral Impact protection. 
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